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EDITOE'S  PEEFAOE. 


In  preparing  this  edition  of  Fresenius'  Quantitative  Chemical 
Analysis,  the  editor  has  sought  by  various  changes  to  adapt  it  to 
the  wants  of  the  American  student. 

The  foreign  editions  have  attained  such  encyclopedic  dimensions 
as  to  occasion  the  beginner  no  little  confusion  and  embarrassment. 
For  this  reason  the  bulk  of  the  work  has  been  considerably  re- 
duced. A  few  processes  which  the  editor's  experience  has  con- 
vinced him  are  untrustworthy,  and  many  more  that  can  well  bo 
spared  because  they  are  tedious  or  unnecessary,  have  been  omit- 
ted. The  entire  chapter  on  Analysis  of  Mineral  Waters,  excellent 
as  it  is,  has  been  suppressed  on  account  of  its  length,  and  because 
the  few  who  have  occasion  to  make  detailed  investigations  in  that 
direction  have  access  to  the  original  sources  of  information. 

The  section  on  Organic  Analysis  has  been  reduced  from  sixty  to 
thirty  pages,  mainly  by  the  omission  of  processes  which  from  their 
antiquity  or  inferiority  are  more  curious  than  useful.  The  chap- 
ters on  Acidimetry  and  Alkalimetry  have  been  likewise  greatly 
condensed,  and  all  that  especially  relates  to  Soils  and  Ashes  of 
Plants  has  been  left  out.  The  recent  appearance  of  an  excellent 
special  treatise  on  "Agricultural  Chemical  Analysis,"  by  Profes- 
sor Caldwell,  of  Cornell  University,  justifies  the  last-named 
omission. 

On  the  other  hand,  some  important  matter  has  been  added. 
Bunsen's  invaluable  new  methods  of  treating  precipitates  are  de- 
scribed in  his  own  (translated)  words.  Various  new  methods  of 
estimation  and  separation  are  incorporated  in  their  proper  places. 

The  editor  thankfully  acknowledges  his  indebtedness  to  several 
gentlemen  for  special  contributions  to  this  work;  viz.:  To  Dr.  J. 
Lawrence  Smith,  who  has  kindly  furnished  a  manuscript  account 
Df  his  admirable  method  of  fluxing  silicates  for  the  estimation  of 
alkalies.     To  O.  D.  Allen,  Esq.,  late  chemist  to  the  Freedom  Iron 


vi  editor's  preface. 

Worlvs,  Lewistown,  Pennsylvania,  for  copious  notes  of  his  exten- 
sive experience  in  the  analyses  of  steel,  iron,  and  iron  ores,  which 
have  been  freely  employed  in  §229.  To  Mr.  Win.  G.  Mixter, 
chief  assistant  in  the  Sheffield  Laboratory,  for  the  account  of  the 
gold  and  silver  assay.  To  Professor  Brush,  of  Yale  College,  Pro- 
fessor Collier,  of  Vermont  University,  and  B.  S.  Burton,  Esq.,  of 
Philadelphia,  for  various  important  facts  and  suggestions.  Just 
before  going  to  press.  Dr.  Wolcott  Gibbs  has  communicated  an 
account  of  his  new  method  of  finding  at  once  the  total  correction 
for  temperature,  pressure  and  moisture  in  absolute  determinations 
of  nitrogen  or  other  gases,  which,  from  its  simplicity,  convenience, 
and  accuracy  must  prove  of  the  highest  service  to  chemistry.  It 
will  be  found,  with  some  other  matters,*  in  an  appendix,  p.  619. 

The  additions  which  have  been  made  to  the  methods  of  exam- 
ining ores,  it  is  believed,  adapt  the  work  to  meet  all  the  ordinary 
requirements  of  the  metallurgical  and  mining  student. 

The  editor's  additions  are  distinguished,  in  all  important  cases, 
by  enclosure  in  brackets,  [  ]. 

While  fully  recognizing  the  necessity  of  teaching  the  new 
notation  and  nomenclature  of  chemistry,  the  editor  has  in  this 
book  retained  the  old  system,  because  it  is  identified  with  the 
chemical  literature  of  the  century,  and  cannot  be  speedily  for- 
gotten by  practical  men.  At  a  time  when  the  most  elementary 
text-books  are  framed  on  the  "modem  "  system,  it  is  important 
to  keep  the  student  exercised  in  the  language  of  the  old  masters 
of  the  science,  which  is  still,  and  must  for  some  time  remain,  a 
part  of  the  vernacular  of  the  physician,  the  apothecary,  the 
metallurgist,  and  the  manufacturer. 

SAMUEL  W.  JOHNSON, 

Sheffield  Laboratobt  of  Yale  College,  Dec,  18G9. 

*  Viz.  J  assay  of  chrome  iron,  and  separation  of  phosphoric  acid  from  lime 
alitruina,  and  iron. 
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AND 


NOMENCLATURE, 


OLD   AND    NEW, 


Beginnebs  in  Chemistry  are  liable  to  miicli  confusion  and  em- 
barrassment from  the  fact  that  there  are  now  in  use  two  distinct 
Bj'stems  of  Chemical  Notation  and  several  forms  of  Nomenclature. 

The  older  chemistry — the  chemistry  generally  in  vogue  up  to 
1860,  and  still  employed  in  all  the  best  treatises  on  technical,  an- 
alytical, physiological  and  pharmaceutical  chemistry — differs  from 
the  "  modern  chemistry,"  primarily,  in  so  tar  as  notation  is  con- 
cerned, in  the  use  of  different  atomic  weights  for  certain  elements. 
The  older  atomic  weights  employed  b}'  English  writers  were  de- 
cided upon  from  narrow  grounds,  and  somewhat  arbitrarily.  It 
having  been  found,  for  example,  that  water  contains  one  part  by 
weight  of  hydrogen  to  eight  parts  by  weight  of  oxygen,  the  atomic 
weight  of  oxygen  was  assumed  to  be  eight  times  that  of  hydrogen, 
and  water  was  assumed  to  consist  of  one  atom  of  each  element, 
and  had  the  symbol  HO  assigned  to  it.  Carbonic  oxide  was 
found  to  contain  six  weights  of  carbon  to  eight  weights  of  oxy- 
gen, and  being  the  oxygen  compound  in  which  the  lejist  quantity 
of  carbon  exists,  was  therefore  assumed  to  contain  one  atom  of 
each  of  its  elements,  and  six  became  accordingly  the  atomic 
weight  of  carbon.  Carbonic  acid,  with  double  the  proportion  of 
oxygen,  was  considered  to  contain  two  atoms  of  oxygen  and  wjis 
written  CO,.  As  discovery  revealed  the  composition  of  bodies, 
their  atomic  weights  were  agreed  upon  with  reference  only  to  ap- 
parent simplicity  and  harmony  to  what  had  been  previously  as- 
Bumcd.  in  the  absence  of  any  other  and  more  philosophical  crite- 
rion or  guide. 

The  atomic  theory  of  Dalton  was  and  still  is  philosophical,  be- 
cause it  gives,  in  a  certain  sense,  a  reason  for  the  laws  of  definite 
and  multiple  combination  ;  but  the  atomic  weights  he  and  Iiis  sue- 


cessors  adopted  were  open  to  revision,*  tlie  simplicity  which  was 
relied  npon  in  selecting  them  being  often  more  apparent  than 
real.  Thus  the  atomic  weight  of  carbon  was  taken  to  be  the 
smallest  quantity  of  that  element  which  would  unite  with  oxy 
gen.  Had  it  happened  that  carbonic  oxide  was  then  unknown, 
and  that  carbonic  acid  was  believed  to  be  the  lowest  oxide  of 
carbon,  the  atomic  weight  of  carbon  would  have  been  fixed  at  3, 
oxygen  being  8.  Or,  if  the  atomic  weight  of  carbon  had  been 
measured  directly  by  hydrogen,  in  the  lowest  hydride  of  carbon, 
marsh  gas,  assumed  to  be  CII„  the  result  would  also  have  been 
3.  We  see,  then,  evidently,  that  the  formerly  received  atomic 
weights  of  those  elements,  which  form  multiple  combinations, 
were  liable  to  be  multiples  or  divisors  of  the  truef  atomic 
weights,  and  were,  of  necessity,  thus  far  arbitrarily  chosen. 

Tlie  discovery  that  the  volumes  in  which  gases  unite  bear  sim 
pie  ratios  to  one  another,  was  regarded  as  a  clue  which  might 
point  with  certainty  to  the  real  atomic  relations.  When  two 
volumes  of  water  vapor  are  decomposed,  there  result  two  volumes 
of  hydrogen  and  one  volume  of  oxygen.  Berzelius  did  not  liesi- 
tate  to  declare  his  belief  that  the  number  of  volumes  repre- 
sent the  number  of  atoms;  that,  accordingly,  water  is  a  com- 
pound ct  two  atoms  of  hydrogen  with  one  atom  of  oxygen ;  that 
Its  formula  is,  therefore,  H,0 ;  and  that  the  atomic  weight  of 
hydrogen  being  one,  that  of  oxygen  must  be  sixteen,  or  double 
what  balton  assumed. 

The  progress  of  science  has  gradually  brought  the  minds  of 
chemists  to  the  conviction  that  the  greater  number  of  tlie  old 
atomic  weights  must  be  doubled,  and  that  certain  formulae  must 
be  changed  accordingly.  To  this  result  not  only  the  'Maw  of  vol- 
umes," but  a  comparison  of  the  specific  heats  of  the  elements  and 
other  physical  considerations  have  contributed,  while  purely  chem- 
ical reasons  furnish  the  most  conclusive  arguments  in  favor  of 
the  change. 

The  fact  that  the  older  atomic  weights  and  nomenclature  have 
been  so  long  in  use  among  druggists,  physicians,  and  manufac- 
turers, and  that  so  vast  a  mass  of  chemical  literature  has  been 
written  in  accordance  with  them,  has  properly  enough  prevented 
their  sudden  abandonment.  The  greater  truth  of  the  modern 
chemistry  must  ultimately  compel  its  adoption  with  more  or  less 
modifications.  For  the  present  it  is  important  that  the  student 
become  familiar  with  both.  This  familiarity  can  readily  l)e  ac- 
quired by  practice  in  translating  the  older  symbols  into  the  newer, 
and  the  reverse,  by  aid  of  the  rules  to  be  found  below. 

In  modern  chemistry  the  idea  of  quantivalence  or  atom-fixing 
power  serves  a  very  important  part.  Those  elements  which,  like 
chlorine,  unite  with  hydrogen,  volume  for  volume,  i.e.,  atom  foi 

•  Independently  of  errors  in  their  determination  as  combining  woighta 
f  AKHumijig  the  Atomic  Theory  to  be  nu  ex]tref>sion  of  fact. 
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•torn,  have  heen  termed  monads,  or  have  been  characterized  as 
nuivalent  (one-valiiej  elements.  Those  elements  whicli,  like 
oxygen,  combine  with  twice  their  volume  (or  two  atoms)  of 
hydrogen  or  other  monad  radical,  are  dyads,  and  are  spoken  of  as 
bivalent  (two-value)  radicals.  Triads,  tetrads,  pentads,  and  hexads 
are  elements  (or  radicals)  which  unite  respectivel}'  with  three, 
four,  five,  and  six  times  their  (gaseous)  volume  of  hydrogen  or 
analogous  monails,  and  to  which  apply  respectively  the  adjectives 
trivalent,  quadrivalent,  quinquivalent,  and  sexivalent. 

Those  elements  whose  quantivalence  is  expressed  by  an  odd 
number,  1,  3,  5  or  7,  are  collectively  termed  perissads^  and  those 
which  unite  with  an  even  number  of  atoms  of  hydrogen  or 
chlorine  are  designated  ariiads.* 

The  following  table  gives  the  two  systems  of  atomic  weights, 
the  older  following  the  symbol  printed  in  Koman  type,  and  the 
newer  that  printed  in  Italics. 


PERISSADS. 


M02TAD& 

Hydrogen, 

Chlorine, 

Bromine, 

Iodine, 

Fluorine, 

Lithium, 

Sodium, 

Potassium, 

Rubidium, 

Gaemum, 

Thallium, 

Silver, 

TRIADS* 

Boron, 
Gold, 

PKNTADS. 

Nitrogen, 

Phosphorus, 

Amenic, 

Antimony, 

Bismuth, 

Vanadium, 


OLD  ASD  WEW 
ATOMIC  WEIOIITS. 


H    : 

CI    : 

Br: 

I      : 
F     : 

Li 

Na 

K     : 

Rb 
Cs 
Tl 
Ag 


1 

85.5 

80 
127 

19 
7 

23 

39 

85.4 
133 
203 
108 


B=    11 
Au  =  190 


N 

— 

14 

P 

=■ 

31 

As 

, 

75 

Sb 

— 

123 

Bi 

— : 

210 

V 

^^ 

51.3 

ARTIADS. 

OLD 
AT.  WTS. 


8 
16 

89.5 

G4 

20 

43.75 

68.5 
1(X) 

31.7 
103.5 

56 

82.5 
2 


DYADS. 

Oxygen, 

Sulphur, 

Selenium, 

Tellurium, 

Calcium, 

Strontium, 

Barium, 

Mercury, 

Copper, 

Lead, 

Cadmium, 

Zinc, 

Magnesium, 

TETRADS. 

Carbon, 

Silicon 

Titanium, 

Tin, 

Aluminium, 

Platinum, 

Palladium, 

TIKXADS. 

Chromium,  Cr 

Manganese,  Mn 

Iron,  ~ 

Nickel, 

Cobalt, 

Uranium,  U    =  50.4 

Molybdenum,  Mo  =  46 


KEW 

AT.  vrrs. 


O 

S 

Se 

Te 

Ca 

Sr: 

Ba 

Hg 

Cu 

Pb 

Cd 

Zn 

Mg: 


C 

Si 

Ti 

Sn 

Al 

Pt 

Pd 


0 

J^ 

Se 

Te 

Ca 

Sr 

Ba 

Ug 

Gil 
Pb 
Cd 
Zn 
Mg 


6  G 

14  Si 

25  Ti 

59  Sn 

13.75  Al 

98.94  m 

53  Pd 


Fe 

Ni 
Co 
U 


26.25 

27.5 

28 

20.5 

0.5 


Gt 

Mn 

Fe 

Ni 
Co 

cr 

Mo 


16 

32 

79 
128 

40 

87.5 
137 
200 

63.4 
207 
112 

65 

24 


13 

28 

50 
118 

27.5 
197.88 
100 


52.5 
55 
56 
59 
50 

118.8 
92 


•  Chemists  are  not  agreed  as  to  the  quannvalence  of  various  elements.  Some 
tegard  sulphur  an  a  hexad,  and  others  put  down  iron,  cobalt,  and  some  othei 
metals  as  dyads.  Wanklyn  considers  sodium  to  be  a  triad.  The  distinction  be- 
tween perissads  and  artiods  is  more  absolute,  but  certain  elements,  especially 
Vojiadium  and  Uranium,  may  be  pnv  \n  both  groupa 


It  will  be  seen  from  the  above  table  tliat  the  atomic  weipjhts  ol 
the  so-called  perissad  elements,  inclndinnr  the  monads  hydrocren, 
chlorine,  and  the  membci-s  of  its  group,  tlie  alkali  metals,  thaHinm 
and  silver,  the  triads  boron  and  gold,  and  the  pentads  nitrogen, 
etc.,  including  bismuth,  have  the  same  atomic  weights  in  the 
newer  chemistry  as  have  been  so  long  used  in  the  older. 

On  the  contrary,  the  artiad  elements,  viz.,  the  dyads  oxygen, 
Bulphur,  selenium,  tellurium,  and  the  alkali  earth-metals ;  the 
tetrads  carbon,  silicon,  titanium,  tin,  and  the  remaining  metallic 
elements  wln'ch  are  dyads,  tetrads,  or  hexads,  have  double  the 
atomic  weights  in  the  new  system  which  they  had  in  the  old. 

To  convert  the  old-system  formulae  into  corresponding  values 
of  the  new,  the  following  rules  are  indicated  : — 

1.  Compownds  of  perissad  elements. — The  symbols  of  compounds 
of  perissad  elements  are  ordinarily  alike  in  both  systems,  and  their 
values,  expressed  by  the  atomic  weights  of  the  old  system,  or 
by  the  molecular  weights  of  the  new  system,  are  the  same 
in  both.  viz. : — 


ATOMIC  WEIflHT.         MOLRCULAR  WKIOHT. 

OLD  8YSTKM.                     NEW  SYSTEM. 

ft. 

STMB0L8. 

T 

■^ 

HCl 

86.5 

NH, 

17 

PCI. 

208.5 

BF, 

68 

If  the  newer  symbols  are  unlike  the  old,  the  latter  and  their 
values  arc  multiplied  to  make  the  new.  Some  chemists  change 
the  symbols  of  the  liquid  and  solid  phosphides  of  hydrogen. 
viz.: — 

OAR. 

OldsyBtcm. HaP 

New  ^stem. HsP 

2.  Compmmds  of  artiwi  elements. — The  symbols  of  compounds 
of  artiad  elements  are  commonly  alike  in  both  systems,  but  in 
the  new  system  the  values  are  double  those  of  the  old. 


AT.  WT. 

34      : 

LIQUm. 

:     H,P 

AT.  WT. 

33    : 

SOLID. 
HPa 

AT.  WT. 
63 

MOL.  WT. 

34      ; 

\    H,P, 

MOL.  WT. 

66    : 

H.P4 

MOL.  WR 
126 

ATOMIC  WKIOIIT. 

MOLECULAR  WKIGHT. 

BTMBOLS. 

OLD  SYSTEM. 

KEW  SYbTKM. 

SO, 

32 

64 

CO 

14 

28 

CO, 

22 

44 

BaO 

76.5 

153 

FeS 

44 

88 

Al.O, 

61.5 

103 

BaO,SO,— BaSO* 

116.6 

288 

8.  Compmmds  of  perissad  with  artiad  elements, — The  symbols 
of  compounds  of  perissad  with  artiad  elements  are  converted  from 
the  old  into  the  new  system,  generally,  by  halving  the  number  of 


artiad  atoms,  in  which  case  the  values  are  the  same  in  both 
systems,  viz. :— 

SYMBOLS. VALUES. 

^  OLD  STIfTEM.  XKW8Y8TKM.  ^LD  AT.  Wt.  AND  NBW  MOU  Wt 

VaOHO  KaHO  40 

Cr,0,.8SOi,S:OSO„24HO  CT(S04)sK12HaO«  400.5 

BONO.  HNO,  eS 

KOCO,,  HOOOf  KHGO.  100 

C,.,H.X>it  (C,H.)  (Gi.Hi>0,)it  806 

Wlien  the  number  of  artiad  atoms  cannot  be  halved,  and  In 
some  other  cases,  the  number  of  perissad  atoms  is  doubled,  the 
values  being  doubled  at  the  same  time,  viz. : — 

SYMBOLS.  VALUES. 

#■  ' %         i ' , 

OLD  ITSfnDI.  KRW  STRBI.  OLD  AT.  WT.  HKW  MOL.  WT. 

KO»  N^Os  64  108 

HO  mo  0  18 

Cad  GaCl,  55.5  111 

Hg,Gl  BgiCit  235.6  771 

Hga  HgOU  185.5  271 

B«0,HO  BaHiO,  85.5  171 
C^,0,,3S0«,K0,S0.     K,GrvOa(SOa)« 

24HO                           24H,Ot  4&0.!i  000 

The  form  and  arrangement  of  the  symbols  of  complicated  com* 
pounds  is  very  various,  and  can  only  be  learned  by  study  of  the 
masters  who  lead  usage.  As  regards  nomenclature  the  "modem'* 
chemists  are  by  no  means  agreed.  The  departures  from  traditional 
English  usage  are,  however,  with  few  exceptions,  simple  changes 
of  verbal  form,  such  as  zinc  sulphate  or  zincic  sulphate  instead  of 
Bulphate  of  zinc,  lead  nitrite  or  plumbic  nitrite  instead  of  nitrite 
of  lead,  silver  chloride  or  argentic  chloride  instead  of  chloride 
of  silver. 

In  case  of  the  oxygen  compounds  of  the  alkali  and  alkali-earth 
metals,  the  name  of  the  metal  itself  and  not  that  of  the  oxide  is 
used,  viz. :  calcium  sulphate  or  calcic  sulphate  instead  of  sulphate 
of  lime,  sodium  borate  or  sodic  borate  instead  of  borate  of  soda, 
barium  nitrate  or  baric  nitrate  rather  than  nitrate  of  baryta. 

In  case  of  the  metals  which  have  two  basic  oxides,  these  and 
the  corresponding  salts  are  distingnished  by  the  particles  oics  and 
ic  affixed  to  the  name  of  the  metal  used  adjecti  vely ;  thus,  protoxide 
of  iron  and  sesguioxide  or  peroxide  of  iron  are  respectively  ferrous 
and  ferric  oxide,  hydratea  protoxide  is  ferrous  hj'drate,  sesqui- 
snlphate  is  terric  sulphate.  Similarly,  we  have  cuprous  acetatOi 
enpric  oxide,  mercurous  nitrate,  and  mercuric  phosphate.  Sc 
aluminic  sulphate  (by  analogy),  nickelous  oxalate,  bismuthic  bro- 
mide, &c. 


•  Chrome  oloin,  Watts, 
Tripalmitine. 
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It  has  loTiff  been  conceded  that  the  traditional  acids  C0„  SO^ 
P0,(P,6>,),  NO,(iV^,0,)  &c.,  are  no  acids  (i.e.,  sour  bodies)  at  all; 
but  yield  acids  by  their  combination  with  the  elements  of  water. 
They  were  therefore  termed  /anhydrous  acids.  Later  they  have 
been  classed  together  as  anhydrides  and  designated  individually 
as  carbonic  annydride,  sulpliuric  anhydride,  phosphoric  anhy- 
dride, &c.,  and  this  nomenclature  is  now  employed  by  manv 
chemists,  especially  by  Odling  and  Frankland.  Others,  fol- 
lowing Williamson,  insist  that  CO^^  SO,^  &c.,  are  acids  in  the 
sense  of  the  old  nomenclature,  and  retain  tor  them  the  old  names, 
while  the  sour  (hydrated)  acids  are  designated  as  hydrogen  or 
hydric  salts,  viz. :  II^SO^=hydric  sulphate,  H^PO^^^hydnc  phos- 
phate or  phosphoric  hydrate.  Still  other  chemists  prefer  to 
fall  back  upon  numeral  prefixes  in  case  of  the  anhydrides  and  other 
related  oxides,  viz. :  Watts  gives  to  CO^CO^,  and  Cl^O^  the  names 
carbon  monoxide,  carbon  dioxide,  and  chlorine  tetroxide.  Roscoo 
makes  CO  carbonic  oxide,  CO^  carbonic  dioxide,  and  Cl^O^  chlo- 
ric tetroxide. 

In  case  of  bodies  of  more  complicated  comj^osition,  especially 
those  belonging  to  organic  chemistry,  the  assumption  of  compound 
radicals  or  other  peculiar  views  of  rational  constitution  have  led 
chemists  to  construct  various  new  formulsB  and  corresponding 
new  names,  which  ai*e  to  be  leai'ned  in  the  writings  whero  thejf 
are  propounded. 


INTRODUCTION. 


As  we  have  already  seen  in  the  ^  Manual  of  Qualitative  AnalysiB,*'—- 
to  -wldch  the  present  work  may  be  regarded  as  the  sequel, — Chemical 
Analysis  comprises  two  branches,  viz. :  qualitative  analysis  and  quanti- 
tative analysis^  the  object  of  the  former  being  to  ascertain  the  nalwre^ 
that  of  the  latter  to  determine  the  amovnt^  of  the  several  component 
parts  of  any  compound* 

By  QUALITATIVE  ANALYSIS  we  convert  the  wnhnown  constituents  of  a 
body  into  certain  known  forms  or  combinations ;  and  we  are  thus  en- 
abled to  draw  correct  inferences  respecting  the  nature  of  these  unknown 
constituents.  Quantitative  analysis  attains  its  object,  according  to  cir- 
cumstances, often  by  very  different  ways ;  the  two  methods  most  widely 
differing  from  each  other,  are  analysis  by  weighty  or  gravimetric  analysis^ 
and  analysis  by  measu/re,  or  volwmetric  analysis, 

GRAVI3IETBIG  ANALYSIS  has  for  its  object  to  convert  the  hnoton  eon* 
Btituents  of  a  substance  into  forms  or 'combinations  which  will  admit  of 
the  most  exact  determination  of  their  weight,  and  of  which,  moreover,  the 
composition  is  accurately  known.  These  new  forms  or  combinations  may 
be  either  educts  from  the  analyzed  substance,  or  they  may  be  products. 
In  the  former  case  the  ascertained  weight  of  tlie  eliminated  substance  is 
the  direct  expression  of  the  amount  in  which  it  existed  in  the  compound 
under  examination ;  whilst  in  the  latter  case,  that  is,  when  we  have  to 
deal  with  products^  the  quantity  in  which  the  eliminated  constituent  was 
originally  present  in  the  analyzed  compound,  has  to  be  deduced  by 
calculation  from  the  quantity  in  which  it  exists  in  its  new  combination. 

The  following  example  will  serve  to  illustrate  these  points : — Suppose 
we  wish  to  determine  the  quantity  of  mercury  contained  in  the  chloride 
of  that  metal ;  now,  we  may  do  this,  either  by  precipitating  the  metallic 
mercury  from  the  solution  of  the  chloride,  say  by  means  of  protochloride 
of  tin ;  or  we  may  attain  our  object  by  precipitating  the  solution  by  sul- 
phuretted hydrogen,  and  weighing  the  precipitated  sulphide  of  mercury. 
100  parts  of  chloride  of  mercury  consist  of  73*82  of  merctiry  and  26' 18 
of  chlorine;  consequently,  if  the  process  is  conducted  with  absolute 
accuracy,  the  precipitation  of  100  parts  of  chloride  of  mercury  by  proto- 
chloride of  tin  will  yield  73'82  parts  of  metallic  mercury.  With  equally 
exact  manipulation  the  other  method  yields  85*634  parts  of  sulphide  of 
mercury. 

Now,  in  the  former  case  we  find  the  number  73*82  directly  ;  in  the 
Utter  case  we  have  to  deduce  it  by  calculation : — (100  parts  of  sulphide  of 
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mercury  contain  86*207  parts  of  mercury ;  how  much  mercury  do  85*634 
parts  contain  ?) 

100  :  85-634  : :  86-207  :  a>— aj=73-82. 

As  already  hinted,  it  is  absolutely  indispensable  that  the  forms  into 
which  bodies  are  converted  for  the  purpose  of  estimation  by  weight  should 
fulfil  two  conditions :  first,  they  must  be  capable  of  being  weighed  exactly ; 
secondly,  they  must  be  of  known  composition, — for  it  is  quite  obvious,  on 
the  one  hand,  that  accurate  quantitative  analysis  must  be  altogether  im- 
possible if  the  substance  the  quantity  of  which  it  is  intended  to  ascertain, 
does  not  admit  of  correct  weighing ;  and  on  the  other  hand,  it  is  equally 
evident  that  if  we  do  not  know  the  exact  composition  of  a  new  product^ 
we  lack  the  necessary  basis  of  our  calculation. 

Volumetric  analysis  is  based  upon  a  very  different  principle  from  that 
of  gravimetric  analysis ;  viz.,  it  afi'ects  the  quantitative  determination  of 
a  body,  by  converting  it  from  a  certain  definite  state  to  another  equally 
definite  state,  by  means  of  a  fluid  of  accurately  known  power  of  action, 
and  under  circumstances  which  permit  the  analyst  te  mark  with  rigorotiB 
precision  the  exact  point  when  the  conversion  is  accomplished.  The  fol- 
lowing example  will  serve  te  illustrate  the  principle  of  this  method : — 
Permanganate  of  potassa  added  to  a  solution  of  sulphate  of  protoxide  of 
Iron,  acidified  with  sulphuric  acid,  immediately  converts  the  protoxide  of 
iron  to  sesquioxide  ;  the  permanganic  acid,  which  is  characterized  by  its 
intense  colour,  yielding  up  oxygen  and  changing  to  protoxide  of  manga- 
nese, which  combines  with  the  sulphuric  acid  present,  to  colorless  sulphate 
of  protoxide  of  manganese.  If,  therefore,  to  an  acidified  fluid  containing 
protoxide  of  iron,  we  add,  drop  by  drop,  a  solution  of  permanganate  of 
potassa,  its  red  color  continues  for  some  time  to  disappear  upon  stirring; 
but  at  last  a  point  is  reached  when  the  coloration  imparted  to  the  fluid 
by  the  last  drop  added  remains  :  this  point  marks  the  termination  of  the 
conversion  of  the  protoxide  of  iron  to  sesquioxide. 

Now,  by  accurately  determining  the  strength  or  power  of  action  of  the 
solution  of  permanganate  of  potassa — ^which  is  done  simply  by  making  it 
act  upon  a  known  quantity  of  protoxide  of  iron  in  solution,  and  correctly 
noting  how  much  of  it  is  required  to  eflfect  the  conversion  of  that  pro- 
toxide to  the  state  of  sesquioxide — we  are  now  able  with  this  solution  to 
determine  the  exact  amount  of  protoxide  of  iron  present  in  any  solution. 
Tims,  we  will  assume,  for  instance,  that  we  have  found  it  takes  exactly 
100  parts  of  our  solution  of  permanganate  of  potassa  to  oxidize  2  parte  of 
protoxide  of  iron ;  if  now,  in  testing,  with  this  standard  solution  of  per- 
manganate of  potassa,  any  solution  containing  an  unknown  quantity  of 
protoxide  of  iron,  we  find  that  100  parts  of  our  standard  fluid  are  required 
to  oxidize  the  iron,  we  know  at  once  that  the  examined  fluid  contained 
exactly  2  parts  of  protoxide  of  iron ;  if  50  parts  are  required,  we  know 
that  1  part  of  protoxide  of  iron  was  present,  &c.  &c.  Accordingly,  by 
simply  measuring  the  quantity  used  of  our  standard  solution  of  perman- 
ganate of  potassa,  we  arrive  at  once  at  an  accurate  knowledge  of  the  amount 
of  protoxide  of  iron. 

As  the  process  of  measuring  is  mostly  adopted,  in  preference  to  that 
of  weighing,  for  determining  the  quantity  used  of  the  standard  fiaid,  we 
give  to  this  analytical  method  the  nanie  of  "  analysis  by  measure."  It 
generally  leads  to  the  attainment  of  the  object  m  view  with  much  greater 
expedition  than  is  the  case  with  analysis  by  weight. 
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To  this  brief  iiibimation  of  the  general  purport  and  object  of  quantita- 
tive analysis,  and  the  general  mode  of  proceeding  in  analytical  re 
searches,  I  have  to  add  Ihat  certain  qualifications  are  essential  to  those 
who  would  devote  themselves  successfully  to  the  pursuit  of  this  branch. 
These  qualifications  are,  1.  theoretical  knowledge  ;  2,  skill  in  manipula- 
tion ;  and  3,  strict  conscientiousness. 

The  preliminary  knowledge  required  consists  in  an  acquaintance  with 
qualitative  analysis,  the  stoichiometric  laws,  and  simple  arithmetic.  Thus 
prepared,  we  shall  understand  the  method  by  which  bodies  are  separated 
and  determined, 'and  we  shall  be  in  a  position  to  perform  our  calcu- 
lations, by  which,  on  the  one  hand,  the  formulse  of  compounds  are 
deduced  from  the  analytical  results,  and,  on  the  other  hand,  the  correct- 
ness of  the  adopted  methods  is  tested,  and  the  results  obtained  are  con- 
trolled. To  this  knowledge  must  be  joined  the  ability  of  performing  the 
necessary  pra>ctical  operations.  This  axiom  generally  holds  good  for  all 
applied  sciences,  but  if  it  is  true  of  one  more  than  another,  quantitative 
analysis  is  that  one.  The  most  extensive  and  solid  theoretical  acquire- 
ments will  not  enable  us,  for  instance,  to  determine  the  amount  of  com- 
mon salt  present  in  a  solution,  if  we  are  without  the  requisite  dexterity 
to  transfer  a  fluid  from  one  vessel  to  another  without  the  smallest  loss 
by  spirting,  running  down  the  side,  <fec.  The  various  operations  of 
quantitative  analysis  demand  great  aptitude  and  manual  skill,  which  can 
bs  acquired  only  by  practice.  But  even  the  possession  of  the  greatest 
practical  skill  in  manipulation,  joined  to  a  thorough  theoretical  know- 
ledge, will  still  prove  insufficent  to  insure  a  successful  pursuit  of  quanti- 
tative researches,  unless  also  combined  with  a  sincere  love  of  truth.,  and 
ajirm  determination  to  accept  none  but  thoroughly  confrmed  residts. 

Every  one  who  has  been  engaged  in  quantitative  analysis  knows  that 
cases  "Will  sometimes  occur,  especially  when  commencing  the  study,  in 
"prhich  doubts  may  be  entertained  as  to  whether  the  result  will  turn  out 
correct,  or  in  which  even  the  operator  is  positively  convinced  that  it 
cannot  be  quite  correct.  Thus,  for  instance,  a  small  portion  of  the  sub- 
stance under  investigation  may  be  spilled ;  or  some  of  it  lost  by  decrepi- 
tation; or  the  analyst  may  have  reason, to  doubt  the  accuracy  of  his 
weighing ;  or  it  may  happen  that  two  analyses  of  the  same  substance  do 
not  exactly  agree.  In  all  such  cases  it  is  indispensable  that  the  operator 
should  be  conscientious  enough  to  repeat  the  whole  process  over  again. 
He  who  is  not  possessed  of  this  self-command — who  shirks  trouble  where 
truth  is  at  stake — who  would  be  satisfied  with  mere  assumptions  and 
guesswork,  where  the  attainment  of  positive  certainty  is  the  object, 
must  be  pronounced  just  as  deficient  in  the  necessary  qualifications  for 
quantitative  analytical  researches  as  he  who  is  wanting  in  knowledge  or 
^ill.  He,  therefore,  who  cannot  fully  trust  his  work — who  cannot  swear 
to  the  correctness  of  his  result*,  may  indeed  occupy  himself  with  quanti- 
tative analysis  by  way  of  practice,  but  he  ought  on  no  account  to  publish 
or  use  his  results  as  if  they  were  positive,  since  such  proceeding  could 
not  conduce  to  his  own  advantage,  and  would  certainly  be  mischievous 
as  regards  the  science. 

The  domain  of  quantitative  analysis  may  be  said  to  extend  over  all 
matter — ^that  is,  in  other  words,  anything  corporeal  may  become  the 
object  of  quantitative  investigation.  The  present  work,  however,  is  in- 
tended to  embrace  only  the  substances  used  in  pharmacy,  arts,  trades,  and 
sgriculture. 
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QuantitativB  arialysis  may  be  subdivided  into  two  branches,  viz.,  aoa 
lysis  of  Qtiixtureey  and  analysis  of  cJt&tnical  cornpounds.  This  division  muj 
appear  at  first  sight  of  very  small  moment,  yet  it  is  necessary  that  wa 
should  establish  and  maintain  it,  if  we  would  form  a  clear  conception  of 
the  value  and  utility  of  quantitative  research.  The  quantitative  analy* 
sis  of  mixtures,  too,  has  not  the  same  aim  as  that  of  chemical  com 
pounds ;  and  tho  method  applied  to  secure  the  correctness  of  the  results 
in  the  former  case  is  different  from  that  adopted  in  the  latter.  The 
quantitative  analysis  of  chemical  compounds  also  rather  subserves  the 
purposes  of  the  science,  whilst  that  of  mixtures  belongs  to  the  practical 
purposes  of  life.  If,  for  instance,  I  analyze  the  salt  of  an  acid,  the  result 
of  the  analysis  will  give  me  the  constitution  of  that  acid,  its  combining 
proportion,  saturating  capacity,  ckc. ;  or,  in  other  words,  the  results  ob- 
tained will  enable  me  to  answer  a  series  of  questions  of  which  the  solu- 
tion is  important  for  the  theory  of  chemical  science :  but  if,  on  the  other 
band,  I  analyze  gunpowder,  alloys,  medicinal  mixtures,  ashes  of  plants, 
Ac.,  <kc.,  I  have  a  very  different  object  in  view ;  I  do  not  want  in  such 
cases  to  apply  the  results  which  I  may  obtain  to  the  solution  of  any  the- 
oretical question  in  chemistry,  but  I  want  to  render  a  practical  service 
either  to  the  arts  and  industries,  or  to  some  other  science.  If  in  the 
analysis  of  a  chemical  compound  I  wish  to  control  the  results  obtained, 
I  may  do  this  in  most  cases  by  means  of  calculations  baaed  on  stoichio- 
metric data,  but  in  the  case  of  a  mixture  a  second  analysis  is  necessary 
to  confirm  the  correctness  of  the  results  afforded  by  the  first. 

The  preceding  remarks  clearly  show  tlie  immense  importance  of  quan- 
titative analysis.  It  may,  indeed,  be  averred  that  chemistry  owes  to 
this  branch  its  elevation  to  the  rank  of  a  science,  since  quantitative 
researches  have  led  us  to  discover  and  determine  the  laws  which  govern 
the  combinations  and  transpositions  of  the  elements.  StoTchiometry  is 
entirely  based  upon  the  results  of  quantitative  investigations  ;  all  rational 
views  respecting  the  constitution  of  compounds  rest  upon  them  as  the 
only  safe  and  solid  basis. 

Quantitative  analysis,  therefore,  forms  the  strongest  and  most  powerful 
lever  for  chemistry  as  a  science,  and  not  less  so  for  chemistry  in  its 
applications  to  the  pi-actical  puq)oses  of  life,  to  trades,  arts,  manufac- 
tures, and  likewise  in  its  application  to  other  sciences.  It  teaches  the 
mineralogist  the  true  nature  of  minerals,  and  suggests  to  him  principles 
and  rules  for  their  recognition  and  classification.  It  is  an  indispen- 
sable auxiliary  to  the  physiologist ;  and  agriculture  has  already  derived 
much  benefit  from  it ;  but  far  greater  benefits  may  be  predicted.  We 
need  not  expatiate  here  upon  the  advantages  which  medicine,  pharmacy, 
and  every  branch  of  industry  derive,  either  directly  or  indirectly,  from 
the  practical  application  of  its  results.  On  the  other  hand,  the  benefit 
thus  bestowed  by  quantitative  analysis  upon  the  various  sciences,  arts, 
<kc.,  has  been  in  a  measure  reciprocated  by  some  of  them.  Thus  whilst 
StoTchiometry  owes  its  establishment  to  quantitative  analysis,  the  stoichio- 
metric laws  alibrd  us  the  means  of  controlling  the  results  of  our  analyses  S4 
accurately  as  to  justify  the  reliance  which  we  now  generally  place  on  them. 
Again,  whilst  quantitative  analysis  has  advanced  the  progress  of  arts  and 
industry,  our  manufacturers  in  return  supply  us  with  the  most  perfect 
platinum,  glass,  and  porcelain  vessels,  and  with  articles  of  india-nibbber, 
without  which  it  would  be  next  to  impossible  to  conduct  our  analytical 
operations  with  the  minuteness  and  accuracy  which  we  have  now  attained. 
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Although  the  aid  which  quantitative  analysis  thus  derives  from  stoi- 
chiometry,  and  the  arts  and  manufactures,  greatly  facilitates  its  praclicey 
and  although  many  determinations  are  considerably  abbrieviated  by  volu- 
metric analysis,  it  must  be  admitted,  notwithstanding,  that  the  pursuit 
of  this  branch  of  chemistry  requires  considerable  expenditure  of  time. 
This  remark  applies  especially  to  those  who  are  commencing  the  study, 
for  they  must  not  allow  their  attention  to  be  divided  upon  many  things 
at  one  time,  otherwise  the  accuracy  of  their  results  will  be  more  or  less 
injured.  I  would  therefore  advise  every  one  desirous  of  becoming  an 
analytical  chemist  to  arm  himself  with  a  considerable  share  of  patienoe, 
reminding  him  that  it  is  not  at  one  bound,  but  gradually,  and  step  by 
step,  that  the  student  may  hope  to  attain  the  necessary  certainty  in  his 
work,  the  indispensable  self-reliance  which  can  alone  be  founded  on  one's 
own  results.  However  mechanical,  protracted,  and  tedious  the  opera- 
tions of  quantitative  analysis  may  i^pear  to  be,  the  attainment  of 
accuracy  will  amply  compensate  for  the  time  and  labor  bestowed  upon 
them;  whilst,  on  the  other  hand,  nothing  can  be  more  disagreeable  than 
to  find,  after  a  long  and  laborious  process,  that  our  results  are  incorrect 
or  iincertain.  Let  him,  therefore,  who  would  render  the  study  of  quan- 
titative analysis  agreeable  to  himself,  from  the  very  outset  endeavor,  by 
strict,  nay,  scrupulous  adherence  to  the  conditions  laid  down,  to  attain 
correct  results,  at  any  sacrifice  of  time.  I  scarcely  know  a  better  and 
more  immediate  reward  of  labor  than  that  which  springs  from  the  at- 
tainment of  accurate  results  and  perfectly  corresponding  analyses.  The 
satisfaction  enjoyed  at  the  success  of  our  'efforts  is  surely  in  itself  a 
sufficient  motive  for  the  necessary  expenditure  of  time  and  labor,  even 
"without  looking  to  the  practical  benefits  which  we  may  derive  from  our 
operations. 

The  following  are  the  substances  treated  of  in  this  work : — 

I.  Metalloids,  or  Non-Metallio  Elements. 

Oxygen^  Hydrogen^  Svlphur^  [Sdeniunhy']  PhosphoruSy  Chlorine^ 
Iodine^  Srominej  Fluoriney  Nitrogen^  JBoroUy  Silicon^  Carbon. 

II.  Metals. 

Poiaanwrny  Sodium^  [Lithlumy^  Parium,  St/rantiumy  Calcium^ 
Jfagnesiumy  Alwminiv/my  Chromium^  [Titaniumy^  ZinCy  Manganesey 
Nuicdy  Cobalty  Irony  [  Uraniumy'\  Silvery  Mercury y  Leady  Coppery  Pis* 
tnufhy  Cadmiuvfiy  [I^alladiumy^  Goldy  PUUinwnhy  Tvn^  Antimony^ 
A'rsenicy  \Molyhdenwm^» 

(The  elements  enclosed  within  brackets  are  considered  in  supplement- 
ary paragraphs,  and  more  briefly  than  the  rest.) 


I  have  divided  my  subject  into  three  parts.  In  the  first,  I  treat  of 
quantitative  analysis  generally ;  describing,  1st,  the  execution  of  analy- 
sis ;  and,  2d,  the  calculation  of  the  results  obtained.  In  the  second,  I 
give  a  detailed  description  of  several  special  analytical  processes.  And 
in  the  third,  a  number  of  carefully  selected  examples,  which  may  serve 
as  exercises  for  the  groundwork  of  the  study  of  quantitative  analysis. 


6  INTBODUCTIOW. 

The  following  tabic  will  affoi^d  the  reader  a  clear  and  definite  notioii 
of  the  contents  of  tlie  whole  work : — 

I.  GENERAL  PART. 
A — Execution  of  Analysis. 

1.  Operations. 

2.  Reagents. 

3.  Forms  and  combinations  in  which  bodies  are  separated  from  others, 
or  in  which  their  weight  is  determined. 

4.  Determination  of  bodies  in  simple  compounds. 

5.  Separation  of  bodies. 

6.  Organic  elementary  analysis. 

B — Calculation  of  the  Results. 

II.  SPECIAL  PART. 

1.  Analysis  of  waters. 

2.  Analysis  of  such  minerals  and  technical  products  as  are  most  fre- 
quently brought  under  the  notice  of  the  chemist ;  including  methods  foi 
ascertaining  ^eir  commercial  value. 

3.  Analysis  of  atmospheric  air. 

ni.  EXERCISES  FOR  PRACTICE. 

APPENDIX. 

1.  Analytical  experiments. 

2.  Tables  for  the  calculation  of  analytical  resultik 


PART  I 


GENERAL   PART 


DIVISION  L 

THE  EXECUTION  OF  ANALYSIS 

SECTION   L 
OPERATIONa    • 

§1. 

Most  of  the  operations  performed  in  quanbitative  research  are  the  same 
as  in  qualitative  analysis,  and  have  been  accordingly  described  in  my 
work  on  that  branch  of  analytical  science.  With  respect  to  such  opera- 
tions I  shall,  therefore,  confine  myself  hei-e  to  pointing  out  any  modifica- 
tions they  laAy  require  to  adapt  them  for  application  in  the  quantitative 
branch;  but  I  shall,  of  course,  give  a  fuU  description  of  such  as  are 
resorted  to  exclusively  in  quantitative  investigations.  Operations  form- 
ing merely  part  of  certain  specific  processes  will  be  found  described  in 
the  proper  place,  under  the  head  of  such  processes. 

L  Determination  of  Quantity. 

§2. 

The  quantity  of  solids  is  usually  determined  by  weight;  the  quantity 
of  gases  and  fiuids,  in  many  cases  by  measure  /  upon  the  care  and  accu- 
racy with  which  these  operations  are  performed,  depends  the  value  of  all 
our  results;  I  shall  therefore  dwell  minutely  upon  them. 

§8. 

1.  Weighino. 

To  enable  us  to  determine  with  precision  the  correct  weight  of  a 
substance,  it  is  indispensable  that  we  should  possess,  1st,  a  good  balance, 
and  2d,  accurate  weights. 

a.  The  Balance. 

Fig.  1  represents  a  form  of  balance  well  adapted  for  analytical  pur- 
poses. There  are  several  points  respecting  the  construction  and  proper- 
ties  of  a  good  balance,  which  it  is  absolutely  necessary  for  every  chemist 
to  understand.  The  usefulness  of  this  instrument  depends  upon  two 
points :  1st,  its  cbccwrcusy^  and  2d,  its  aeneibilUy  or  ddicacy. 
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OPERATIONS. 


IS4- 


The  ACCURACY  of  a  balimce  depends  upon  the  following  conditions : — 
a.   ThsfuLcrvm  or  Hts  point  on  which  the  beam  rests  must  lie  above  thi 
centre  of  gramty  of  the  balance. 


Pig.  1. 

This  is  in  fact  a  condition  essential  to  every  balance.  If  the  folcmm 
were  placed  in  the  centre  of  gravity  of  the  balance,  the  beam  would  not 
oscillate,  but  remain  in  any  position  in  which  it  is  placed,  assuming  tha 
scales  to  be  equally  loaded.  If  the  fulcnmi  be  placed  bdow  the  centre 
of  gravity,  the  balance  will  be  overset  by  the  slightest  impulse. 

When  the  fulcrum  is  above  the  centre  of  gravity  the  balance  repreeents 
a  pendulum,  the  length  of  which  is  equal  to  that  of  the  line  uniting  the 
fulcnmi  with  the  centre  of  gravity,  and  this  line  forms  right  angles  with 
the  beam,  in  whatever  position  the  latter  may  be  placed.  Now  if  we 
impart  an  impetus  to  a  ball  suspended  by  a  thread,  the  ball,  after  having 
terminated  its  vibrations,  will  invariably  rest  in  its  original  perpendicular 
position  under  the  point  of  suspension.  It  is  the  same  with  a  properly 
adjusted  balance — impart  an  impetus  to  it,  and  it  will  oscillate  for  some 
time,  but  it  will  invariably  return  to  its  original  position;  in  other 
words,  its  centre  of  gravity  will  finally  fall  back  into  its  perpendicular 
position  under  the  fulcrum,  and  the  beam  must  consequently  reassume 
the  horizontal  position. 

But  to  judge  correctly  of  the  force  with  which  this  is  accomplished,  it 
must  be  borne  in  mind  that  a  balance  is  not  a  simple  pendulum,  but  a 
compound  one,  t.  «.,  a  pendulum  in  which  not  one,  but  many  material 
points  move  round  the  turning  point.  The  inert  mass  to  be  moved  is 
accordingly  equal  to  the  sum  of  these  points,  and  the  moving  force  is 
equal  to  the  excess  of  the  material  points  below,  over  those  above  the 
fiilcrum. 

0,  The  points  of  suspension  of  the  scales  must  be  on  an  exact  level  with 
theftUcrum.  If  the  fulcrum  be  placed  below  the  line  joining  the  points 
of  suspension,  increased  loading  of  the  scales  will  continually  tend  to 
raise  the  centre  of  gravity  of  the  whole  system,  so  as  to  bring  it  nearer 
and  nearer  the  fulcrum ;  the  weight  which  presses  upon  the  scales  com- 
bining in  the  relatively  high-pla^d  points  of  suspension ;  at  last,  when 
the  scales  have  been  loaded  to  a  certain  degree,  the  centre  of  gravity 
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will  shift  Altogether  to  the  fulcrum,  and  the  balance  will  consequently 
cease  to  vibrate — any  further  addition  of  weight  will  finally  overset  the 
beam  by  placing  the  centre  of  gravity  above  the  fulcrum.  If,  on  the 
other  hand,  the  fulcrum  be  placed  above  the  line  joining  the  points  of 
suspension,  the  centre  of  gravity  will  become  more  and  more  depressed 
in  proportion  as  the  loading  of  the  scales  is  increased ;  the  line  of  the 
pendulum  will  consequently  be  lengthened,  and  a  greater  force  will  be 
required  to  produce  an  equal  turn ;  in  other  words,  the  balance  will 
grow  less  sensitive  the  greater  the  load.  But  when  the  three  edges  ai'e 
in  one  plane,  increased  loading  of  the  scales  will,  indeed,  continually 
tend  to  raise  the  centre  of  gravity  towards  the  fulcrum,  but  the  former 
can  in  this  case  never  entirely  reach  the  latter,  and  consequently  the 
baJamce  will  never  altogether  cease  to  vibrate  upon  the  further  addition 
of  weight,  nor  will  its  sensibility  be  lessened ;  on  the  contrary — speak* 
ing  theoretically — a  greater  degree  of  sensibility  is  imparted  to  it.  This 
increase  of  sensibility  is,  however,  compensated  for  bj  other  circum- 
stances.    (See  §  5.) 

y.  The  beam  must  be  suffidently  rigid  to  hear  without  bending  the 
greatest  weight  tfiat  the  construction  of  the  balance  admits  of ,  since  the 
bending  of  the  beam  would  of  course  depress  the  points  of  suspension  so 
as  to  place  them  below  the  fulcrum,  and  this  would,  as  we  have  just 
seen,  tend  to  diminish  the  sensibility  of  the  balance  in  proportion  to  the 
increase  of  the  load.  It  is,  therefore,  necessary  to  avoid  this  fault  by  a 
proper  construction  of  the  beam.  The  form  best  adapted  for  beams  is 
that  of  an  isosceles  obtuse-angled  triangle,  or  of  a  rhombus. 

^.  The  arms  of  the  balance  mvst  be  of  espial  lengthy  Le.,  the  points  of 
tuspension  must  be  equidistant  from  Hie  fvlcrum^  for  if  the  arms  are  of 
unequal  length  the  balance  will  not  be  in  equiUbrium,  supposing  the 
scales  to  be  loaded  with  equal  weights,  but  there  will  be  preponderance 
on  the  side  of  the  longer  arm. 

§5. 

The  SENSIBILITY  of  a  balance  depends  piincipally  upon  the  three  fol- 
lowing conditions : — 

a,  Tl^  friction  of  the  edges  upon  their  supports  rtvust  be  as  slight  as 
possible.  The  greater  or  less  friction  of  the  edges  upon  their  supports 
depends  upon  both  the  form  and  material  of  those  piurts  of  the  balance. 
rhe  edges  must  be  made  of  good  steel,  the  supports  may  be  made  of  the 
^ame  material ;  it  is  better,  however,  that  the  centre  edge  at  least  should 
rest  upon  an  agate  plane.  To  form  a  clear  conception  of  how  necessary 
it  is  that  even  the  end  edges  should  have  as  little  friction  as  possible, 
we  need  simply  reflect  upon  what  would  happen  were  we  to  fix  the  scales 
immovably  to  the  beam  by  means  of  rigid  rods.  Such  a  contrivance 
would  at  once  altogether  annihilate  the  sensibility  of  a  balance,  for  if  a 
weight  were  placed  upon  one  scale,  this  certainly  would  have  a  tendency 
to  sink ;  but  at  the  same  time  the  connecting  rods  being  compelled  to  form 
oonstantly  a  right  angle  with  the  beam,  the  weighted  scale  would  incline 
inwards,  whilst  the  other  scale  would  turn  outwards,  and  thus  the  arms 
would  become  unequal,  the  shorter  arm  being  on  the  side  of  the  weighted 
scale,  whereby  the  tendency  of  the  latter  to  sink  would  be  immediately 
compensated  for.  The  more  considerable  the  friction  becomes  at  the 
end  edges  of  a  balance,  the  more  the  latter  approaches  the  state  just 
BOW  described,  and  consequently  the  more  is  its  sensibility  impaired. 
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^.  The  centre  of  grcmty  mvst  he  ae  near  as  possible  to  thefvXemm, 
The  nearer  the  centre  of  gravity  approaches  the  fulcrum,  the  shorter 
becomes  the  pendulum.  If  we  take  two  balls,  the  one  suspended  bj  a 
short  and  the  other  bj  a  long  thread,  and  impart  the  same  impetus  to 
both,  the  former  will  naturally  swing  at  a  fisur  greater  angle  from  its  per 
pendicular  position  than  the  latter.  The  same  must  of  course  liappen 
with  a  balance ;  the  same  weight  will  cause  the  scale  upon  which  it  is 
placed  to  turn  the  more  rapidly  and  completely,  the  shorter  the  distance 
between  the  centre  of  gravity  and  the  fulcrum.  We  have  seen  above, 
that  in  a  balance  where  the  three  edges  are  on  a  level  with  each  other, 
increased  loading  of  the  scales  will  continually  tend  to  raise  the  centre 
of  gravity  towards  the  fulcrum.  A  good  balance  will  therefore  become 
more  delicate  in  proportion  to  the  increase  of  weights  placed  upon  its 
scales ;  but,  on  the  other  hand,  its  sensibility  will  be  diminished  in  about 
the  same  proportion  by  the  increment  of  the  mass  to  be  moved,  and  by 
the  increased  friction  attendant  upon  the  increase  of  load ;  in  other 
words,  the  delicacy  of  a  good  balance  will  remain  the  same,  whatever 
may  be  the  load  placed  upon  it.  The  nearer  the  centre  of  gravity  lies 
to  the  fulcrum,  the  slower  are  t^e  oscillations  of  the  balance.  Hence 
in  regulating  the  position  of  the  centre  of  gravity  we  must  not  go  too 
&r,  for  if  it  approaches  the  fulcrum  too  nearly,  the  operation  of  weigh- 
ing will  take  too  much  time. 

7.  The  beam  must  be  as  light  as  possible.  The  remarks  which  we  have 
just  now  made  will  likewise  show  how  far  the  weight  of  the  beam  may 
influence  the  sensibility  of  a  balance.  We  have  seen  that  if  a  balanoe 
is  not  actually  to  become  less  delicate  on  increased  loading,  it  must  on 
the  one  hand  have  a  tendency  to  become  more  delicate  by  the  continual 
approach  of  the  centre  of  gravity  to  the  fulcrum.  Now  it  is  evident^ 
that  the  more  considerable  the  weight  of  the  beam  is,  the  less  will  an 
equal  load  placed  upon  both  scales  alter  the  centre  of  gravity  of  the 
whole  system,  the  more  slowly  will  the  centre  of  gravity  approach  the 
fulcrum,  the  less  will  the  increased  friction  be  neutralized,  and  conse- 
quently the  less  sensibility  will  the  balance  possess.  Another  point  to 
be  taken  into  account  here  is,  that  the  moving  forces  being  equal,  a 
lesser  mass  or  weight  is  more  readily  moved  than  a  greater.     (§  4  a), 

§6. 

We  will  now  proceed,  first,  to  give  the  student  a  few  general  rules  to 
guide  him  in  the  purchase  of  a  balance  intended  for  the  purposes  of 
quantitative  analysis ;  and,  secondly,  to  point  out  the  best  meUiod  of 
testing  the  accuracy  and  sensibility  of  a  balance. 

1.  A  balance  able  to  bear  70  or  80  grammes  in  each  scale,  suffices  f(Nr 
most  purposes. 

2.  The  balance  must  be  enclosed  in  a  glass  case  to  protect  it  from  dust. 
This  case  ought  to  be  sufficiently  large,  and,  more  especially,  its  sides 
should  not  approach  too  near  the  scales.  It  must  be  constructed  in  a 
manner  to  admit  of  its  being  opened  and  closed  with  facility,  and  thus 
to  allow  the  operation  of  weighiiig  to  be  effected  without  any  disturbing 
influence  from  currents  of  air.  Therefore,  either  the  front  part  of  the 
case  should  consist  of  three  parts,  viz.,  a  fixed  centre  part  and  two 
lateral  parts,  opening  like  doors ;  or,  if  the  front  part  happens  to  be 
made  of  one  piece,  and  arranged  as  a  sliding-door,  the  two  sides  of  the 
case  must  be  provideu  ^«oh  with  a  door. 
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3.  The  balance  must  be  provi\led  with  a  proper  contrivance  to  rcndei 
it  inunoTable  whilst  the  weights  are  being  placed  upon  the  scale.  This  in 
most  commonly  effected  by  an  arrangement  which  enables  the  operator  to 
lift  up  the  beam  and  thus  to  remove  the  middle  edge  from  its  support, 
whilst  the  scales  remain  8usi)ended. 

It  is  highly  advisable  to  have  the  case  of  the  balance  so  arranged  that 
the  contrivances  for  lifting  the  beam  and  fixing  the  scales  can  be  workec 
while  the  case  remains  closed,  and  consequently  from  without. 

4.  It  is  necessary  that  the  balance  should  be  provided  with  an  index  to 
mark  its  oscillations ;  this  index  is  appropriately  placed  at  the  bottom  of 
the  balance.  • 

5.  The  balance  must  be  provided  with  a  spirit  level,  to  enable  the 
operator  to  place  the  three  edges  on  an  exactly  horizontal  level ;  it  is  best 
also  for  this  purpose  that  the  case  should  rest  upon  three  screws. 

6.  It  is  very  desirable  that  the  beam  should  be  graduated  into  tenths,  so 
as  to  enable  the  operator  to  weigh  the  milligramme  and  its  fractions  with 
a  centigramme  "  rider."  * 

7.  The  balance  must  be  provided  with  a  screw  to  regulate  the  centre  of 
gravity,  and  likewise  with  two  screws  to  regulate  the  equality  of  the  arms, 
and  finally  with  screws  to  restore  the  equilibrium  of  the  scales,  should 
this  have  been  disturbed. 

§7. 

The  following  experiments  serve  to  test  the  accuracy  and  sensibility  of 
a  balance. 

1.  The  balance  is,  in  the  first  place,  accurately  adjusted,  if  necessary, 
either  by  the  regulating  screws,  or  by  means  of  tinfoil,  and  a  milligramme 
weight  is  then  placed  in  one  of  the  scales.  A  good  and  practically 
useful  balance  must  turn  very  distinctly  with  this  weight ;  a  delicate 
chemical  balance  should  indicate  the  ^  of  a  milligramme  with  perfect 
distinctness. 

2.  Both  scales  are  loaded  with  the  maximum  weight  the  construction  of 
the  balance  will  admit  of — the  balance  is  then  accurately  adjusted,  and  a 
milligramme  added  to  the  weight  in  the  one  scale.  This  ought  to  cause 
the  balance  to  turn  to  the  same  extent  as  in  1.  In  most  balances,  how- 
ever, it  shows  somewhat  less  on  the  index.  It  follows  from  §5/3  that  the 
balance  will  oscillate  more  slowly  in  this  than  in  the  first  experiment. 

3.  The  balance  is  accurately  adjusted,  (should  it  be  necessary  to  esta- 
blish a  perfect  equilibrium  between  the  scales  by  loading  the  one  with  a 
minute  portion  of  tinfoil,  this  tinfoil  must  be  left  remaining  upon  the 
scale  during  the  experiment) ;  both  scales  are  then  equally  loaded,  say, 
with  fifty  grammes  each,  and,  if  necessary,  the  balance  is  again  adjusted 
(by  the  addition  of  small  weights).  The  load  of  the  two  scales  is  th(?n 
interchanged,  so  as  to  transfer  that  of  the  right  scale  to  the  left,  and  vice 
versd.  A  balance  with  perfectly  equal  arms  must  maintain  its  absolute 
equilibrium  upon  this  interchange  of  the  weights  of  the  two  scales. 

4.  The  balance  is  accurately  adjusted  ;  it  is  then  arrested  and  agjdn  set 
in  motion ;  the  same  process  should  be  repeated  several  times.  A  good 
balance  must  invariably  reassume  its  original  equilibrium.  A  balance 
the  end  edges  of  which  afford  too  much  play  to  the  hook  resting  upon 

*  [Becker's  later  balances  have  beams  graduated  to  twelfths,  and  a  rider  weigh- 
ing 12  mgis.  This  enables  the  operator  to  use  nearly  the  whole  of  the  gradua- 
tion.] 
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tliem,  30  as  to  allow  the  latter  slightly  to  alter  its  position,  will  show  per- 
ct»i>tible  difierences  in  different  trials.  This  fault,  however,  is  possible 
only  with  balances  of  defective  construction. 

A  balance  to  be  practically  useful  for  the  purposes  of  quantitative  ana- 
lysis mitst  stand  the  first,  second,  and  last  of  these  tests.  A  slight  in- 
equality of  the  arms  is  of  no  great  consequence,  as  the  error  that  it  would 
occasion  may  be  completely  prevented  by  the  manner  of  weighing. 

As  the  sensibility  of  A  balance  will  speedily  decrease  if  the  steel  edges 
are  allowed  to  get  rusty,  delicate  balances  should  never  be  kept  in  the 
laboratory,  but  always  in  a  separata  room.  It  is  also  advisable  to  place 
within  the  case  of  the  balance  a  vessel  half  filled  with  calcined  carbonate 
of  potassa,  to  keep  the  air  diy.  I  need  hai^dly  add  that  this  salt  must  bo 
re-calcined  as  soon  as  it  gets  moist. 

§8. 

h.  The  Weights. 

1.  The  French  gramme  is  the  best  standard  for  calculation.  A  set  of 
weights  ranging  from  fifty  grammes  to  one  milligramme  may  be  considered 
suflicient  for  all  practical  purposes.  With  regard  to  the  set  of  weights,  it 
is  geneiully  a  matter  of  indifference  for  scientific  purposes  whether  the 
gramme,  its  multiples  and  fractions,  are  really  and  perfectly  equal  to  the 
accurately  adjusted  normal  weights  of  the  corresponding  denominations ;  * 
but  it  is  absolutely/  necessary  that  they  should  agree  perfectly  with  f'uch 
other,  i.e.,  the  centigramme  weight  must  bo  exactly  the  one  hundredth 
part  of  the  gramme  weight  of  the  set,  <tc.  &c. 

2.  The  whole  of  the  set  of  weights  should  be  kept  in  a  suitable,  well- 
closing  box  ;  and  it  is  desirable  likewise  tliat  a  distinct  compartment  be 
approi)riated  to  every  one  even  of  the  smaller  weights. 

3.  As  to  the  shape  best  adapted  for  weights,  I  think  that  of  short  frusta 
of  cones  inverted,  with  a  handle  at  the  top,  the  most  convenient  and  pi-ao- 
ticiil  form  for  the  large  weights ;  square  pieces  of  foil,  turned  up  at  one 
comer,  are  best  adapted  for  the  small  weights.  The  foil  used  for  thLs  pur- 
pose should  not  be  too  thin,  and  the  compartments  adapted  for  the  recep- 
tion of  the  several  smaller  weights  in  the  box,  should  be  large  enough  to 
admit  of  their  contents  being  taken  out  of  them  with  facility,  or  else  the 
smaller  weights  will  soon  get  cracked,  bruised,  and  indistinct.  Every 
one  of  the  weights  (with  the  exception  of  the  milligramme)  should  be 
distinctly  marked. 

4.  With  respect  to  the  material  most  suitable  for  the  manufacture  of 
weights,  we  commonly  rest  satisfied  with  having  the  smaller  weights 
only,  from  1  or  0'5  gramme  downwards,  made  of  platinum  or  aluminium 
foil,  using  brass  weights  for  all  the  higher  denominations.  Brass  weights 
must  be  carefully  shielded  from  the  contact  of  acid  or  other  vapors,  or 
their  correctness  will  be  impaired ;  nor  should  they  ever  be  touched  with 
the  fingers,  but  always  with  small  pincers.  But  it  is  an  erroneous  no- 
tion to  buj)pose  that  weights  slightly  tarnished  are  unfit  for  use.     It  is, 

<  Still  it  would  be  desirable  that  mechanicians  who  make  gramme -weights  in 
tended  for  the  use  of  the  chemist,  should  endeavor  to  procure  normal  wcig-hts. 
It  is  very  inconvenicHt,  in  many  cases,  to  find  notable  differences  between  weights 
of  the  same  denomination,  but  coming  from  different  makers  ;  as  I  myself  have 
often  had  occasion  to  discover. 


§  9.J  WEIGHING.  m 

iudeed,  hardly  possible  to  prevent  weights  for  any  very  great  length  of 
time  from  getting  slightly  tarnished.  I  have  carefully  examined  many 
weights  of  this  description,  and  have  found  them  as  exactly  corres|K)nding 
with  one  another  in  their  relative  proportions  as  they  were  when  first 
used.  The  tarnishing  coat,  or  incrustation,  is  so  extremely  thin,  that 
even  a  very  delicate  balance  will  generaUy  fail  to  point  out  any  per* 
ceptible  difference  in  the  weight. 

The  following  is  the  proper  way  of  testing  the  weights  : — 
One  scale  of  a  delicate  balance  is  loaded  with  a  one-gi*amme  weight, 
and  the  balance  is  then  completely  equipoised  by  taring  with  small 
pieces  of  brass,  and  finally  tinfoil  (not  paper,  since  this  absorbs 
moisture).  The  weight  is  then  removed,  and  replaced  successively  by 
the  other  gramme  weights,  and  afterwards  by  the  same  amount  of  weight 
in  pieces  of  lower  denominations. 

The  balance  is  carefully  scrutinized  each  time,  and  any  deviation  from 
the  exact  equilibiium  marked.  In  the  same  way  it  is  seen  whether  the 
two-gramme  piece  weighs  the  same  as  two  single  grammes,  the  five- 
gramme  piece  the  same  as  three  single  granmies  and  the  two-gramme 
piece,  &c.  In  the  comparison  of  the  smaller  weights  thus  among  them- 
selves, they  must  not  show  the  least  difference  on  a  balance  turning  with 
y\p  of  a  milligramme.  In  comparing  the  larger  weights  with  all  the  small 
ones,  differences  of  j\  to  ^V  of  a  milligramme  may  be  passed  over.  If 
you  wish  them  to  be  more  accurate,  you  must  adjust  them  yoin-self.  In 
the  purchase  of  weights  chemists  ought  always  to  bear  in  mind  that  an 
accurate  weight  is  truly  valuable,  whilst  an  inaccurate  one  is  absolutely 
worthless.  It  is  the  safest  way  for  the  chemist  to  test  every  weight  he 
purchases,  no  matter  how  high  the  reputation  of  the  maker. 

§  9. 
e.  The  Pkocess  op  Weighing. 

"We  have  two  different  methods  of  determining  the  weight  of  substan- 
ces; the  one  might  be  termed  direct  weighing,  the  other  is  called  weigh- 
ing by  substitution. 

In  direct  weighing,  the  substance  is  placed  upon  one  scale,  and  the 
weight  upon  the  other.  If  we  possess  a  balance,  the  arras  of  which  are 
of  equal  length,  and  the  scales  in  a  perfect  state  of  equilibrium,  it  is  in- 
different upon  which  scale  the  substance  is  placed  in  the  several  weigh- 
ings required  during  an  analytical  process ;  Le,,  we  may  weigh  upon  the 
right  or  upon  the  left  side,  and  change  sides  at  pleasure,  without  en- 
dangering the  accuracy  of  our  results.  But  if,  on  the  contrary,  the  aims 
of  our  balance  are  not  perfectly  equal,  or  if  the  scales  are  not  in  a  state 
of  perfect  equilibiium,  we  are  compelled  to  weigh  invariably  upon  the 
same  scale,  otherwise  the  crrrectness  of  our  results  will  be  more  or  less 
materially  impaired. 

Suppose  we  want  to  weigh  one  gramme  of  a  substance,  and  to  divide 
this  amount  subsequently  into  two  equal  parts.  Let  us  assume  our 
balance  to  be  in  a  state  of  perfect  equilibrium,  but  with  imequal  ai*ms, 
the  left  being  99  millimetres,  the  right  100  millimetres  long;  we  place  a 
gramme  weight  upon  the  left  scale,  and  against  this,  on  the  right  scale, 
as  mxich  of  the  substance  to  be  weighed  as  will  restore  the  eciuilibrium 
of  the  balance. 

According  to  the  axiom,  "  masses  are  in  equilibrium  upon  a  lever,  if 
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the  products  of  their  weights  into  their  distances  from  the  fdlcrum  are 
equal,"  we  have  consequently  upon  the  right  scale  0*99  grm.  of  substance, 
since  99  x  1*00=100  x  0'99.  If  we  now,  for  the  purpose  of  weighing  one 
half  the  quantity,  remove  the  whole  weight  from  the  left  scale,  substitu- 
ting a  0*5  grm.  weight  for  it,  and  then  take  off  part  of  the  substance 
from  the  right  scale,  until  the  balance  recovers  its  equilibrium,  there  will 
remain  0*495  grm. ;  and  this  is  exactly  the  amount  we  have  removed 
from  the  scale :  we  have  consequently  accomplished  our  object  with  re- 
spect to  the  relative  weight ;  and,  as  we  have  already  remarked,  the 
absolute  weight  is  not  generally  of  so  much  importance  in  scientific  work. 
But  if  we  attempted  to  halve  the  substance  which  we  have  on  the  right 
scale,  by  first  removing  both  the  weight  and  the  substance  from  the 
scales,  and  placing  subsequently  a  0*5  grm.  weight  upon  the  rig?U  scale, 
and  part  of  the  substance  upon  the  left,  until  the  balance  recovers  its 
equilibrium,  we  should  have  0*505  of  substance  upon  the  left  scale,  since 
100  X  0*500=99  X  0*505 ;  and  consequently,  instead  of  exact  halves,  we 
should  have  one  part  of  the  substance  amounting  to  0*505,  the  other  only 
to  0*485. 

If  the  scales  of  our  balance  are  not  in  a  state  of  absolute  equilibrium, 
we  are  obliged  to  weigh  our  substances  in  vessels  to  insure  accurate  re- 
sults (although  the  aims  of  the  balance  be  perfectly  equal).  It  is  self- 
evident  that  the  weights  in  this  case  must  IDcewise  be  invariably  placed 
upon  one  and  the  same  scale,  and  that  the  difierenoe  between  the  two 
scales  must  not  undergo  the  slightest  variation  during  the  whole  course 
of  a  series  of  experiments. 

From  these  remarks  result  the  two  following  rules : — 

1.  It  is,  under  all  circumstances,  advisable  to  place  the  substance  in- 
variably upon  one  and  the  same  scale — most  conveniently  upon  the  lefb. 

2.  If  the  operator  happens  to  possess  a  balance  for  his  own  private  and 
exclusive  use,  there  is  no  need  that  he  should  adjust  it  at  the  commence- 
ment of  every  analysis  ;  but  if  the  balance  be  used  in  common  by  several 
persons,  it  is  absolutely  necessary  to  ascertain,  before  every  operation^ 
whether  the  state  of  absolute  equilibrium  may  not  have  been  disturbed. 

Weighing  by  substitution  yields  not  only  relatively,  but  also  absolutely 
accurate  results ;  no  matter  whether  the  arms  of  the  balance  be  of  exactly 
equal  lengths  or  not,  or  whether  the  scales  be  in  perfect  equipoise  or  not. 

The  process  is  conducted  as  follows :  the  material  to  be  weighed — say 
a  platinum  crucible — is  placed  upon  one  scale,  and  the  other  scale  is 
accurately  counterpoised  against  it.  The  platinum  crucible  is  then  re- 
moved, and  the  equilibrium  of  the  balance  restored  by  substituting 
weights  for  the  removed  crucible.  It  is  perfectly  obvious  that  the  sub- 
stituted weights  will  invariably  express  uie  real  weight  of  the  crucible 
with  absolute  accuracy.  We  weigh  by  substitution  whenever  we  require 
the  greatest  possible  accuracy ;  as,  for  instance,  in  the  determination  of 
atomic  weights.  The  process  may  be  materially  shortened  by  first  placing 
a  tare  (which  must  of  course  be  heavier  than  the  substance  to  be 
weighed)  upon  one  scale,  say  the  left,  and  loading  the  other  scale  with 
weights  until  equilibrium  is  produced.  This  tare  is  always  retained  on 
the  left  scale.  The  weights  after  being  noted  are  removed.  The  sub- 
stance is  placed  on  the  right  scale,  together  with  the  smaller  weights  re- 
quisite to  restore  the  equilibrium  of  the  balance.  The  sum  of  the 
weig^its  added  is  then  subtracted  from  the  noted  weight  of  the  counter- 
poise :  the  remainder  will  at  once  indicate  the  absolute  weight  of  the  sub- 
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stance.  Let  us  suppose,  for  instance,  we  have  on  the  left  scale  a  tare 
recjuiring  a  weight  of  fifty  gi-ammes  to  counteq)oise  it.  We  place  a 
platinum  crucible  on  the  right  scale,  and  find  that  it  requires  an  addition 
of  weight  to  the  extent  of  10  grammes  to  countei*poise  the  tare  on  the 
left.     Accordingly,  the  crucible  weighs  50  mimis  10=40  grammes. 

§  10. 

The  following  rides  will  be  found  useful  in  performing  the  process  of 
weighing : — 

1.  The  safest  and  most  expeditious  way  of  ascertaining  the  exact 
weight  of  a  substance,  is  to  avoid  trying  weights  at  random ;  instead  of 
this,  a  strictly  systematic  course  ought  to  be  pursued  in  counterpoising 
substances  on  the  balance.  Suppose,  for  instance,  we  want  to  weigh  a 
crucible,  the  weight  of  which  subsequently  turns  out  to  be  6*627  gram- 
mes ;  well,  we  place  10  grammes  on  the  other  scale  against  it,  and  we 
find  this  is  too  much ;  we  place  the  weight  next  in  succession,  i.  c,  5 
grammes,  and  find  this  too  little ;  next  7,  too  much ;  6,  too  little )  6*5, 
too  little;  6*7,  too  much;  6-6,  too  little;  6*65,  too  much;  6*62,  too 
little;  6-63,  too  much;  6*625,  too  little;  6*627,  right. 

I  have  selected  here,  for  the  sake  of  illustration,  a  most  complicated 
case ;  but  this  systematic  way  of  laying  on  the  weights  will  in  most  in- 
stances lead  to  the  desired  end,  in  half  the  time  required  when  weights 
are  tried  at  random.  After  a  little  practice  a  few  minutes  will  suffice 
to  ascertain  the  weight  of  a  substance  to  within  the  j\  of  a  milligramme, 
provided  the  balance  does  not  oscillate  too  slowly. 

2.  The  milligrammes  and  fractions  of  milligrammes  are  determined  by 
a  centigramme  rider  (to  be  placed  on  or  between  the  divisions  on  the 
beam)  far  more  expeditiously  and  conveniently  than  by  the  use  of  the 
weights  themselves,  and  at  the  same  time  with  equal  accuracy. 

3.  Particular  care  and  attention  should  be  bestowed  on  entering  the 
weights  in  the  book.  The  best  way  is  to  write  down  the  weights  first 
by  inference  from  the  blanks,  or  gaps  in  the  weight  box,  and  to  control 
the  entry  subsequently  by  removing  the  weights  from  the  scale,  and  re- 
placing them  in  their  respective  compartments  in  the  box.  The  student 
should  from  the  commencement  make  it  a  rule  to  enter  the  number  to 
be  deducted  in  the  lower  line  /  thus,  in  the  upper  line,  the  weight  of 
the  crucible  -f-  the  substance ;  in  the  lower  line,  the  weight  of  the  empty 
crucible. 

4.  The  balance  ought  to  be  arrested  every  time  any  change  is  contem- 
plated,  such  as  removing  weights,  substituting  one  weight  for  another, 
Ac.  <fec.,  or  it  will  soon  get  spoiled. 

5.  Substances  (except,  perhaps,  pieces  of  metal,  or  some  other  bodies 
of  the  kind)  must  never  be  placed  directly  upon  the  scales,  but  ought  to 
be  weighed  in  appropriate  vessels  of  platinum,  silver,  glass,  porcelain, 
&c.,  never  on  paper  or  card,  since  these,  being  liable  to  attract  moisture, 
are  apt  to  alter  in  weight.  The  most  common  method  is  to  weigh  in 
the  first  instance  the  vessel  by  itself,  and  to  introduce  subsequently  the 
substance  into  it ;  to  weigh  again,  and  subtract  the  former  weight  from 
the  latter.  In  many  instances,  and  more  especially  where  several  por- 
tions of  the  same  substance  are  to  be  weighed,  the  united  weight  of  the 
vessel  and  of  its  contents  is  first  ascertained;  a  portion  of  the  contents 
is  then  shaken  out,  and  the  vessel  weighed  again;  the  loss  of  wciglit 
expresses  the  amount  of  the  portion  taken  out  of  the  vessel. 
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0.  Substances  liable  to  attract  moisture  from  the  air,  mubC  be  weighed 
invariably  in  closed  vessels  (in  covered  crucibles,  for  instance,  or  bc^tween 
two  watch-glasses,  or  in  a  closed  glass  tube) ;  fluids  are  to  be  weighed  in 
small  bottles  closed  with  glass  stoppers. 

7.  A  vessel  ought  never  to  be  weighed  whilst  warm,  since  it  will  in 
that  case  invariably  weigh  lighter  than  it  really  is.  This  is  owing  to 
two  circumstances.  In  tbe  first  place,  every  body  condenses  upon  its 
surface  a  certain  amount  of  air  and  moisture,  the  quantity  of  which 
depends  upon  the  temperature  and  hygroscopic  state  of  the  air,  and 
likewise  on  its  own  temperature.  Now  suppose  a  crucible  has  been 
weighed  cold  at  the  commencement  of  the  operation,  and  is  subsequently 
weighed  again  whilst  hot,  together  with  the  svfbstance  it  contains,  and  the 
weight  of  which  we  wish  to  determine.  If  we  subtract  for  this  puq>ose 
the  weight  of  the  cold  crucible,  ascertained  in  the  former  instance,  from 
the  weight  found  in  the  latter,  we  shall  subtract  too  much,  and  conse- 
quently we  shall  set  down  less  than  the  real  weight  for  the  substance. 
In  the  second  place,  bodies  at  a  high  temperature  are  constantly  com- 
mmiicating  heat  to  the  air  immediately  around  them ;  the  heated  air 
expands  and  ascends,  and  the  denser  and  colder  air,  flowing  towards  the 
space  which  the  former  leaves,  produces  a  current  wliich  tends  to  raise 
the  scale,  making  it  thus  appear  lighter  than  it  really  is. 

8.  If  we  suspend  from  the  end  edges  of  a  correct  balance  respectively 
10  grammes  of  platinum  and  10  grammes  of  glass,  by  wires  of  equal 
weight,  the  balance  will  assume  a  state  of  equilibrium  ;  but  if  we  sub- 
sequently immei*se  the  platinum  and  glass  completely  in  water,  this 
equilibrium  will  at  once  cease,  owing  to  the  different  specific  gravity  of 
the  two  substances ;  since,  as  is  well  known,  substances  immersed  in 
water  Ipse  of  their  weight  a  quantity  equal  to  the  weight  of  their  own 
bulk  of  water.  If  tliis  be  borne  in  mind,  it  must  be  obvious  to  every 
one  that  weighing  in  the  air  is  likewise  defective,  inasmuch  as  the  bulk 
of  the  substance  weighed  is  not  the  same  with  that  of  the  weight.  This 
defect,  however,  is  so  very  insignificant,  owing  to  the  trifling  specific 
gravity  of  the  air  in  proportion  to  that  of  solid  substances,  that  wo  may 
generally  disregard  it  altogether  in  analytical  experiments.  In  cases, 
however,  where  absolutely  accurate  results  are  required,  the  bulk  both 
of  the  substance  examined,  and  of  the  weight,  must  be  taken  into  ac- 
count, and  the  weight  of  the  corresponding  volume  of  air  added  respec- 
tively to  that  of  the  substance  and  of  the  weight,  making  thus  the  pro- 
cess equivalent  to  weighing  in  vacuo, 

2.  Measuring. 

The  process  of  measuring  is  confined  in  analytical  researches  mostly  to 
gases  and  liquids.  The  method  of  measuring  gases  has  been  brought  to 
such  perfection  that  it  may  be  said  to  equal  in  accuracy  the  method  of 
weighing.  However,  such  accurate  measurements  demand  an  expendi- 
ture of  time  and  care,  which  can  be  bestowed  only  on  the  nicest  and  most 
delicate  scientific  investigations.* 

♦  [The  student  who  will  practise  the  accurate  measurement  of  gfases  in  any  but 
the  simplest  cases,  must  refer  for  all  details  to  Bunsen's  "Gasoraetiy  "  (trans- 
lated by  Roscoe).  and  Russell,  Jour.  Chem.  Soc.,  1868  p.  128.  as  the  subject  la 
too  extensive  for  the  limits  of  this  volume.] 
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The  measuring  of  liquids  in  analytical  investigations  was  resorted  to 
fi i-st  by  Descroizilles  ("  Alkalimeter,"  1806).  Gay-Lussac  materially 
improved  the  process,  and  indeed  brought  it  to  the  highest  degi-ee  of 
pei-fection  (measuring  of  the  solution  of  chloride  of  sodium  in  the  assay 
of  silver  in  the  wet  way).  More  i-ecently  F.  Mohr*  has  bestowed  niiich 
cai  e  and  ingenuity  upon  the  production  of  appropriate  and  convenient 
measuring  apparatus,  and  has  added  to  our  store  the  eminently  practical 
compression  stop-code  burette.  The  process  is  now  resorted  t-o  even  in 
most  accurate  scientific  investigations,  since  it  requires'much  less  time 
than  the  process  of  weighing. 

The  accuracy  of  all  measurings  depends  upon  the  proper  construction 
of  the  measuring  vessels,  and  also  upon  the  manner  in  which  the  pix>cess 
is  conducted. 

§  12. 
a.  The  Measuring  of  Gases. 

We  use  for  the  measuring  of  gases  graduated  tubes  of  greater  or  less 
capacity,  made  of  strong  glass,  and  closed  by  fusion  at  one  end,  which 
Bliould  be  rounded.  The  following  tubes  will  be  found  sufficient  for  all 
the  processes  of  gas  measuring  required  in  organic  elementary  analyses. 

1.  A  bell-glass  capable  of  holding  from  150  to  250  c.  c,  and  about  4 
centimetres  in  diameter;  divided  into  cubic  centimetres. 

2.  Five  or  six  glass  tubes,  about  12  to  15  millimetres  in  diameter  in 
the  clear,  and  capable  of  holding  from  30  to  40  c.  c.  each,  divided  into 
tec. 

The  sides  of  these  tubes  should  be  pretty  thick,  otherwise  they  will 
be  liable  to  break,  especially  when  used  to  measure  over  mercury.  The 
sides  of  the  bell-glass  should  be  about  3,  of  the  tubes  about  2  millimetres 
thick. 

The  most  important  point,  however,  in  connection  with  measuring  in- 
struments is  that  they  be  correctly  graduated,  since  upon  this  of  course 
depends  the  accuracy  of  the  results.  For  the  method  of  graduating  I 
refer  to  Greville  Williams'  "  Chemical  Manipulation."  f 

In  testing  the  measuring  tubes  we  have  to  consider  three  things. 

1.  Do  the  divisions  of  a  tube  correspond  with  each  other? 

2.  Do  the  divisions  of  each  tube  correspond  with  those  of  the  other 
tubes  ? 

3.  Do  the  volumes  expressed  by  the  graduation  lines  correspond  with 
the  weights  used  by  the  analyst  ? 

These  three  questions  are  answered  by  the  following  experiments : 
a.  The  tube  which  it  is  intended  to  examine  is  placed  in  a  pei-pendicu- 
lar  position,  and  filled  gradually  with  accurately  measured  small  quanti- 
ties of  mercury,  care  being  taken  to  ascertain  with  the  utmost  precision 
whether  the  graduation  of  the  tube  is  proportionate  to  the  equal  vol- 
umes of  mercury  poured  in.  The  measu ring-off  of  the  mercury  is  effected 
by  means  of  a  small  glass  tube,  sealed  at  one  end,  and  ground  perfectly 
even  and  smooth  at  the  other.  This  tube  is  filled  to  overflowing  by  im- 
meision  under  mercury,  care  being  taken  to  allow  no  air  bubbles  to 

■  **  Lehrbuch  der  Titrirmethode."  by  Dr.  Fr.  Mohr.     Brunswick,  1855. 
t  [See  also  Cary  Lea,  Am.  Jour.  Sci.  and  Arts,  2d  ser. ,  vol.  42,  p.  370. 1 
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rt'rnjiiM  in  it;  the  excess  of  mercury  ia  then  removed  by  pressing  :i  sniall 
gbuss  ]»late  down  on  the  smooth  edge  of  the  tube.* 

b.  Different  quantities  of  mercury  are  successively  measured  off  in  one 
of  the  smaller  tubes,  and  then  transferred  into  the  other  tubes.  The  tubea 
may  be  considered  in  perfect  accordance  with  each  other,  if  the  mer- 
cury reaches  invariably  the  same  divisional  point  in  every  one  of  them. 

Such  tubes  as  are  intended  simply  to  detennine  the  relative  volume  of 
different  gases,  need  only  pass  these  two  experiments ;  but  in  cases  where 
we  want  to  calculate  the  weight  of  a  gas  from  its  volume^  it  is  necessary 
also  to  obtain  an  answer  to  the  third  question.     For  this  purpose — 

c.  One  of  the  tubes  is  accurately  weighed  and  then  filled  with  distilled 
water  of  a  temperature  of  16°  to  the  last  mark  of  the  graduated  scale; 
the  weight  of  the  water  is  then  accurately  determined.  If  the  tube 
agrees  with  the  weights,  every  100  c.  c.  of  water  of  16°  must  weigh  99*9 
grm.  But  should  it  not  agree,  no  matter  whether  the  error  lie  in  the 
graduation  of  the  tube  or  in  the  adjustment  of  the  weights,  we  must  ap- 
I)ly  a  correction  to  the  volume  observed  before  calculating  the  weight  of 
a  gas  therefrom.  Let  us  suppose,  for  instance,  that  we  find  100  c.  c.  to 
weigh  only  99*6  grm. :  assuming  our  weights  to  be  correct,  the  c.  c.  of 
our  scale  ai*e  accordingly  too  small ;  and  to  convert  100  of  these  c.c.  into 
normal  c.  c.  we  say : — 

99-9  :  99-6  : :  100  :  a?. 

In  the  me<i8umng  of  gases  we  must  have  regard  to  Hie  following 
points : — 

1.  (/orrectreading-off.  2.  The  temperature  of  the  gas.  3.  Tlie  degree 
of  pressure  operating  uj)on  it.  And  4.  The  circumstance  whether  it  is 
dry  or  moist.  The  three  latter  points  will  be  readily  underatood,  if  it 
be  borne  in  mind  that  any  alteration  in  the  temperature  of  a  gas,  or  in 
the  pressure  acting  upon  it,  or  in  the  tension  of  the  admixed  aqueoiis 
Tapor,  involves  likewise  a  considerable  alteration  in  its  volume. 

§13. 

1.    CORRE(JT   liEADINO-OFP. 

This  is  rather  difficult,  since  mercury  in  a  cylinder  has  a  convex  sur- 
face (especially  observable  with  a  narrow  tube),  owing  to  its  own  cohe- 
sion ;  whilst  water,  on  the  other  hand,  under  the  same  circumstances  has 
a  concave  surface,  owing  to  the  attraction  which  the  walls  of  the  tube 
exercise  upon  it.  The  cylinder  should  invariably  be  placed  in  a  perfectly 
per|)endicular  position,  and  the  eye  of  the  operator  brought  to  a  level  with 
the  surface  of  the  fluid. 

In  reading-off  over  water,  the  middle  of  the  dark  zone  formed  by  thai 
portion  of  the  liquid  that  is  drawn  up  around  the  inner  walls  of  the 
tube,  is  assumed  to  be  the  real  surface ;  whilst  when  operating  with 
mercury,  we  have  to  place  the  real  surface  in  a  plane  exactly  in  the 
middle  between  the  highest  point  of  the  surface  of  the  mercury,  and 
the  points  at  which  the  latter  is  in  actual  contact  with  the  walls  of  the 
tube.     However,  the  results  obtained  in  this  way  are  only  approximate. 

Absolutely  accurate  results  cannot  be  arrived  at,  in  measuring  over 

*  As  warming  the  metal  la  to  be  carefully  avoided  in  this  process,  it  is  advi- 
■able  not  to  hold  the  tube  with  the  hand  in  immersing  it  in  the  mercoiy,  bat  td 
Casten  it  in  a  small  wooden  holder. 
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water  or  any  ollior  fluid  that  adheres  to  glass.  But  o  'er  merciiry  they 
may  be  arrived  at  if  the  error  of  the  meniscus  be  determined  and  the 
mercury  be  read  off  at  the  highest  point.  The  determination  of  the  erroi 
of  the  meniscus  is  performed  for  each  tube,  once  for  all,  in  the  following 
manner :  some  mercury  is  poured  into  the  tube,  and  its  height  read-off 
right  on  a  level  with  the  top  of  the  convex  surface  exhibited  by  it ;  a  few 
drops  of  solution  of  chloride  of  mercury  are  then  poured  on  the  top  of  the 
metal ;  this  causes  the  convexity  to  disappear  ;  the  height  of  the  mercury 
in  the  tube  is  now  read-off  again  and  the  difference  noted.  In  the  process 
of  graduation,  the  tube  stands  upright,  in  that  of  measuring  gases,  it  is 
placed  upside  down ;  the  difference  observed  must  accordingly  be  doubled, 
and  the  sum  added  to  each  volume  of  gas  read  off 

§1*. 

2.  Influence  of  Temperature. 

The  temperature  of  gases  to  be  measured  is  determined  either  by 
making  it  correspond  with  that  of  the  confining  fluid,  and  ascertaining 
the  latter,  or  by  susi>ending  8  delicate  thermometer  by  the  side  of  the 
gas  to  be  measured,  and  noting  the  degree  which  it  indicates. 

If  the  construction  of  the  pneumatic  apparatus  permits  the  total  im- 
mersion of  the  cylinder  in  the  confining  fluid,  uniformity  of  tempe- 
rature between  the  latter  and  the  gas  which  it  is  intended  to  measure, 
is  most  readily  and  speedily  obtained ;  but  in  the  reverse  case,  the 
operator  must  always,  after  every  manipulation,  allow  half  an  hour  or, 
in  operations  combined  with  much  heating,  even  an  entire  hour  to  elapse, 
before  proceeding  to  observe  the  state  of  the  mercury  in  the  cylinder, 
and  in  the  thermometer. 

Proper  care  must  also  be  taken,  after  the  temi)eraturo  of  the  gas  has 
been  duly  adjusted,  to  prevent  re-expansion  during  the  reading-off ;  all 
injurious  influences  in  this  respect  must  accordingly  be  carefully  guarded 
against,  and  the  operator  should,  more  especially,  avoid  laying  hold  of 
the  tube  with  his  hand  (in  pressing  it  down,  for  instance,  into  the  con- 
fining fluid)  ;  making  use,  instead,  of  a  wooden  holder. 

§16. 

3.  Influence  of  Pressure. 

With  regard  to  the  third  point,  the  gas  is  under  the  actual  pressure  of 
the  atmosphere  if  the  confining  fluid  stands  on  an  exact  level  both  in  and 
outside  the  cylinder ;  the  degree  of  pressure  exerted  upon  it  may  therefore 
at  once  be  ascertained  by  consulting  the  barometer.  But  if  the  confining 
fluid  stands  higher  in  the  cylinder  than  outside,  the  gas  is  under  less 
pressure, — if  loweVy  it  is  under  greater  pressure  than  that  of  the  atmo- 
sphere ;  in  the  latter  case,  the  perfect  level  of  the  fluid  inside  and  outside 
the  cylinder  may  readily  be  restored  by  raising  the  tube ;  if  the  fluid 
stands  higher  in  the  cylinder  than  outside,  the  level  may  be  restored  by 
depressing  the  tube ;  this  however  can  only  be  done  in  cases  where  we 
have  a  trough  of  sufficient  depth.  When  operating  over  water,  the  level 
may  in  most  cases  be  readily  adjusted  ;  when  operating  over  mercury,  it 
is,  more  especially  with  wide  tubes,  often  impossible  to  bring  the  fluid  to 
a  pei-fect  level  inside  and  outside  the  cylinder. 
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§  16. 
4.  Influence  op  Moisture. 

In  m(?as\iriug  gases  saturated  with  aqueous  vapor,  it  must  be  taker 
into  account  that  the  vapor,  by  virtue  of  its  tension,  exerts  a  pressui-e 
upon  the  confining  fluid.  The  necessary  correction  is  simple,  since  wa 
know  the  respective  tension  of  aqueous  vapor  for  the  various  degrees  of 
temperature.  But  before  this  correction  can  be  applied,  it  is,  of  coui  se, 
necessary  that  the  gas  should  be  actually  saturated  with  the  vapor.  It 
is,  therefore,  indispensable  in  measuring  gases  to  take  care  to  have  the 
gas  thoroughly  saturated  with  aqueous  vapor,  or  else  absolutely  dry. 

It  is  quite  obvious  from  the  preceding  remarks,  that  volumes  of  gases 
can  be  compared  only  if  measured  at  the  same  temperature,  under  the 
same  pressure,  and  in  the  same  hygi-oscopic  state.  They  are  genei-ally 
reduced  to  0',  0*76  met.  barometer,  and  absolute  dryness.  How  this  is 
effected,  as  well  as  the  manner  in  which  we  deduce  the  weight  of  gases 
from  their  volume,  will  be  found  in  the  chapter  on  the  calculation  of 
analyses. 

§  17. 
b.  The  Measuring  op  Fluids. 

In  consequence  of  the  vast  development  which  volumetric  analysis  has 
of  late  acquired,  the  measuring  of  fluids  has  become  an  operation  of  very 
frequent  occurrence.  According  to  the  different  objects  in  view,  vaiious 
kinds  of  measuiing  vessels  ai-e  employed.  The  operator  must,  in  the 
case  of  every  measuring  vessel,  carefully  distinguish  whether  it  is 
graduated  for  holding  or  for  delivering  the  exact  number  of  c.  c.  marked 
on  it.  If  you  have  made  use  of  a  vessel  of  the  former  description  in 
measuring  off  100  c.  c.  of  a  fluid,  and  wish  to  transfer  the  latter  com- 
pletely to  another  vessel,  you  must,  after  emptying  your  measuring 
vessel,  rinse  it,  and  add  the  rinsings  to  the  fluid  transferred ;  whei'eas, 
if  you  have  made  use  of  a  measuring  vessel  of  the  latter  description, 
there  must  be  no  rinsing. 

a.  Measuring  vessels  graduated  por  holding  the  exact  measure 

OF  FLUID  MARKED  ON  THEM. 

cut.  Measuring  vessels  which  serve  to  measure  out  one  definite  quantify 
of  fluid. 

We  use  for  this  purpose— 

§  18. 
1.  Measuring  Flasks. 

Fig.  2  represents  a  measuring  flask  of  the  most  practical  and  coii'* 
venient  form. 

Measuring  flasks  of  various  sizes  are  sold  in  the  shops,  hokling 
respectively  200,  2^)0,  500,  1000,  2000,  <kc.,  c.  c.  As  a  general  rule,  they 
have  no  ground-glass  stop])ers ;  it  is,  however,  veiy  desirable,  in  certain 
cases,  to  Imve  meisnring  flasks  with  gi'ound  8top])ers.  The  flasks  must 
le  made  of  well-annealed  glass  of  uniform  thick uess,  so  that  fluids  may 
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Fig.  2. 


DC  heated  in  thorn.     The  line-maik  should  be  placed  within  the  lowei 
third,  or  at  least  within  the  lower  half,  of  the  neck. 

Measuring  tiasks,  before  they  can  properly  be  employed  in  analytica] 
opei-ations,  must  first  be  carefully  tested.  The  best  and  simplest  way 
of  effecting  this  is  to  proceed  thus : — Put  the  flask, 
perfectly  dry  inside  and  outside,  on  the  one  scale  of 
a  sufficiently  delicate  balance,  together  with  a  weight  of 
1000  grm.  in  the  case  of  a  litre  flask,  500  grm.  in  the 
case  01  a  half-litre  flask.  Sic,,  restore  the  equilibrium  by 
{)lacing  the  requisite  quantity  of  shot  and  tinfoil  on  the 
other  scale,  thon  remove  the  flask  and  the  weight  from 
the  balance,  put  the  flask  on  a  perfectly  level  surface, 
and  pour  in  distilled  water  of  16%*  until  the  lower 
border  of  the  dark  zone  formed  by  the  top  of  the 
water  around  the  inner  walls  corresponds  with  the 
line-mark.  After  having  thoroughly  dried  the  neck 
of  the  flask  above  the  mark,  replace  it  upon  the  scale : 
if  this  restores  the  perfect  equilibrium  of  the  balance, 
the  water  in  the  flask  weighs,  in  the  case  of  a  litre- 
measure,  exactly  1000  grm.  If  the  scale  bearing  the 
flask  sinks,  the  water  in  it  weighs  as  much  above  1000 
grm.  as  the  additional  weights  amount  to  which  you  have  to  put  in  the 
other  scale  to  restore  the  equilibrium ;  if  it  rises,  on  the  other  hand, 
the  water  weighs  as  much  less  as  the  weights  amount  to  which  you 
have  to  put  in  the  scale  with  the  flask  to  eflect  the  same  end. 

If  the  water  in  the  litre-measui'e  weighs  999  grm.,f  in  the  half-litre 
measure,  499*5  grm.,  <kc.,  the  measuring  flasks  are  correct.  Differences 
up  to  0*100  grm.,  in  the  litre  measure,  up  to  0*070  grm.  in  the  half-litre 
measure,  and  up  to  0*050  grm.  in  the  quaHer-litre  measure,  are  not 
taken  into  account,  as  one  and  the  same  measuring-flask  will  be  found 
to  offer  variation  to  the  extent  indicated,  in  I'epeated  consecutive  weigh- 
ings, though  filled  each  time  exactly  up  to  the  mark  with  water  of  the 
same  temperature. 

Though  a  flask  should,  upon  examination,  turn  out  not  to  hold  the 
exact  quantity  of  water  which  it  is  stated  to  contain,  it  may  yet  possibly 
agree  with  the  other  measuring  vessels,  and  may  accordingly  still  be 
perfectly  fit  for  use  for  most  purposes.  Two  measuring  vessels  agree 
among  themselves  if  the  marked  Nos.  of  c.  c.  bear  the  same  propor- 

♦  To  use  water  m  the  state  of  its  highest  density,  viz.,  of  4"*,  1  o.  c.  of  which 
weighs  exactly  1  grm.,  and,  accordingly,  1  litre,  exactly  1000  grms.,  is  less  prac- 
tical, as  the  operations  must  in  that  case  be  conducted  in  a  room  as  cold ;  since, 
in  a  warmer  room,  the  outside  of  the  flask  would  immediately  become  covered 
^th  moisture,  in  consequence  of  the  air  cooling  below  dew-point.  Nor  can  I 
recommend  F.  Mohr's  suggestion  to  make  litre-flasks,  and  measuring  vessels  in 
general,  upon  a  plan  to  make  the  litre-flask,  for  instance,  hold,  not  1000  grm. 
water  at  4",  but  1000  g^rm.  at  16^,  since  in  an  arrangement  of  the  kind  proper 
regard  is  not  paid  to  the  actual  meaning  of  the  term  ^^  litre  "  in  the  scientific 
world  ;  and  measuring-vessels  of  the  same  nominal  capacity,  made  by  different 
instnunent-makers,  are  thus  liable  to  differ  to  a  greater  or  less  extent .  One  litre- 
flask,  according  to  Mohr.  holds  1001  '2  standard  c.  c.  1  consider  it  impractical 
to  give  to  the  c.  c.  another  signification  in  vessels  intended  for  measuring  fluida 
than  in  vessels  used  for  the  measuring  of  gases,  which  latter  demand  strict  ad- 
hesion to  the  standard  c .  c . ,  as  it  is  often  required  to  deduce  the  weight  of  f 
^as  by  calculating  from  the  volume. 

f  With  absolute  accuracy,  998*081  grm. 


24  OPERATIONS.  [88  19, 20 

^iou  to  each  other  as  the  weights  founcl ;  thus^  for  instance,  supposing 
your  litre-measure  to  hold  998  grm.  water  of  16°,  and  yoiu*  50  c.  c. 
pipette  to  deliver  49*9  gi*m.  water  of  the  same  temperature,  the  two 
measures  agree,  since 

1000  :  50  =  998  :  49-9. 

To  prepare  or  correct  a  measuring  flask,  tare  the  dry  litre,  half  litre, 
or  quarter-litre  flask,  and  then  weigh  into  it,  by  substitution  (§  9) 
999  grm.,  or,  as  the  case  may  be,  the  half  or  quai-ter  «f  that  quantity  of 
tlistiUed  water  of  16°.  Put  the  flask  on  a  perfectly  horizontal  support, 
place  your  eye  on  an  exact  level  with  the  surface  of  the  water,  and  mark 
the  lower  border  of  the  dark  zone  by  two  little  dots  made  on  the  glass 
with  a  point  dipped  into  thick  asphaltum  varnish,  or  some  other  sub- 
stance of  the  kind.  Now  pour  out  the  water,  place  the  flask  in  a  con- 
vciiiieut  position,  and  cut  with  a  diamond  a  fine  distinct  line  into  the 
glass  from  one  dot  to  the  other. 

hh.  Measuring  vessels  whicli  serve  to  measu/re  out  any  qtiantities  of 
Jiuid  at  vdll, 

§19. 
2.   The  Graduated  Cylinder, 

Tliis  instrument,  represented  in  fig.  3,  should  be  from  2 
to  3  cm.  wide,  of  acapacity  of  100 — 300  c.  c,  and  divided 
into  single  c.  c.  It  must  be  ground  at  the  top,  that  it  may 
be  covered  quite  close  with  a  ground-glass  plate.  The 
measuring  with  such  cylinders  is  not  quite  so  accurate  as 
with  measuring  flasks,  as  in  the  latter  the  volume  is  read 
off"  in  a  narrower  part.  The  accuracy  of  measuring  cylin- 
ders may  bo  tested  in  the  same  way  as  in  the  case  of  mea- 
suring flasks,  viz.,  by  weighing  into  them  water  of  16° ; 
or,  also,  very  well,  by  letting  definite  quantities  of  fluid 
flow  into  the  cylinder  from  a  correct  pipette,  or  burette 
gi*aduated  for  delivering,  and  observing  whether  or  not  they 
are  correctly  indicated  by  the  scale  of  the  cylinder. 

^.  Measuring  vessels  graduated  for  delivering  the 

EXACT   MEASURE   OF   FLUID   HARKED   ON   THEM    (graduated   d 

Fiff  3  Pecouleinent), 

aa.  Measuring  vessels  which  serve  to  measure  out  one  definite  qium^ 
tity  of  fluid. 

§20. 
3.    Tfie   Graduated  Pipette, 

Tliis  instrument  serves  to  take  out  a  definite  volume  of  a  fluid  from 
one  vessel,  and  to  transfer  it  to  another ;  it  must  accordingly  be  of  a 
suitable  shape  to  admit  of  its  being  freely  inserted  into  flasks  and  bottles. 

We  use  pipettes  of  1,  5,  10,  20,  50,  100,  150,  and  200  c.  c.  capacity. 
The  proper  shap^  for  pipettes  up  to  20  c.  c.  capacity  is  represented  in 
fig.  4  ;   ^g,  5  shows  '' '      "'*-<^  practical  form  for  larger  ones.     To  fill  a 
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pipette  suction  is  ajiplied  to  the  upper  ai)ei-ture,  either  directly  with  the 

lips  or  tlu-ough  a  caoutchouc-tuba,  uuUl  the  fluid  stands  above  the  mark ; 

the  upper  orifice  (which  is  somewhat  narrowed  and    ground)  is  then 

closed  with  the  first  finger  of  the  right 

hand  (the  point  of  which  should  be  a 

little  moist) ;  the  outside  is  then  wiped 

dry,  if  required,  and,  the  pipette  being 

held  in  a  perfectly  vertical    direction, 

the  fluid  is  made  to  drop  out,  by  lift- 
ing the  finger  a  little,  till  it  has  fallen  K|  H  I  50CC 

to  the  required  level;  the  loose  drop  is    I  I  25CC 

carefully  wiped  ofi*,  and  the  contents  of 

the  tube  are  then  finally  transferred  to 

the  other  vessel.     In  this  process  it  is 

found  that  the  fluid  does  not  run  out 

completely,  but  that  a  small  portion  of 

it  remains  adhering  to  the  glass  in  the 

l>oint  of  the  pipette;    after  a  time,  as 

this  becomes  increased  by  other  minute    _.  .^ 

pai-ticles  of  fluid  trickling  down  from  the     I  ^ 

upper  part  of  the  tube,  a  drop  gathers 

at  the  lower  orifice,  which  may  be  al-     EiQCC 

lowed  to  fall  oflf  from  its  own  weight, 

or  may  be  made  to  drop  off"  by  a  slight 

shake.  If,  after  this,  the  point  of  the 
pipettA  be  laid  against  a  moist  poi*tiou 
of  the  inner  side  of  the  vesssl,  another 
minute  portion  of  fluid  will  trickle  out, 
and,  lastly,  another  trifling  droplet  or  so 
may  be  got  out  by  blowing  into  the  pi- 
pette. Now,  supposing  the  operator 
follows  no  fixed  rule  in  this  respect,  let- 
ting the  fluid,  for  instance,  in  one  opera- 
tion simply  run  out,  whilst  in  another 
operation  he  lets  it  drain  afterwards, 
and  in  a  third  blows  out  the  last  parti- 
cles of  it  from  the  pipette,  it  is  evident 
that  the  respective  quantities  of  fluid 
delivered  in  the  several  operations  can-  FifiT*  ^       1^«  5.  Fig.  6. 

not  be  quite  equal.    I  prefer  in  all  cases 

the  second  method,  viz.,  to  lay  the  point  of  the  pipette,  whilst  draining, 
finsilly  against  a  moist  poi-tion  of  the  side  of  the  vessel,  w^hich  I  have 
always  found  to  give  the  most  accui'ately  coiTesponding  measurements. 
The  correctness  of  a  pipette  is  tested  by  filling  it  up  to  the  mark  with 
distilled  water  of  16",  letting  the  water  run  out,  in  the  maimer  just 
stated,  into  a  tared  vessel,  and  weighing;  the  pipette  may  be  pro- 
nounced correct  if  100  c.  c.  of  water  of  16**  weigh  99*9  grm. 

Testing  in  like  mannbr  the  accuracy  of  the  measurements  made  with 
a  simple  hand  pipette,  we  find  that  one  and  the  same  pipette  will  in 
repeated  consecutive  weighings  of  the  contents,  though  filled  and  emptied 
each  time  with  the  minutest  care,  show  difierences  up  to  0*010  gim.  for 
10  c.  c.  capacity,  up  to  0*040  grm.  for  50  c.  c.  capacity. 

The  accuracy  of  the  measurements  made  with   a  pipette  may  be 
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heightened  by  giving* the  instrument  the  form  and  construction  shown  it 
fig.  6,  and  fixing  it  to  a  holder. 

It  will  be  seen  from  the  drawing  that  these  pipettes  are  emptied  onlv 
to  a  certain  mark  in  the  lower  tube,  and  that  they  are  provided  witii 
a  compression  stop-cock,  a  contrivance  which  we  shall  have  occasion  to 
describe  in  detail  when  on  the  subject  of  burettes.  This  contrivance 
reduces  the  differences  of  measurements  with  one  and  the  same  50  c.  c. 
pipette  to  0*005  grm. 

Pipettes  are  used  more  especially  in  cases  where  it  is  intended  to 
estimate  diiferent  constituents  of  a  substance  in  sepai*ate  portions  of  the 
same  :  for  instance,  10  grm.  of  the  substance  under  examination  are  dis- 
solved in  a  250  c.  c.  fiask,  the, solution  is  diluted  up  to  the  mark,  shaken, 
and  2,  3,  or  4  several  portions  are  then  taken  out  with  a  50  c.  c.  pipette 
Each  portion  consists  of  }  part  of  the  whole,  and  accordingly  contains  2 
grm.  of  the  substance.  Of  course  the  pipette  and  the  flads;  must  be  in 
perfect  harmony.  Whether  they  are  may  be  ascertained  by,  for  instance, 
emptying  the  50  c.  c.  pipette  5  times  into  the  250  c.  c.  flask,  and  observ- 
ing if  the  lower  edge  of  the  dark  zone  of  fluid  coincides  with  the  mark. 
If  it  does  not,  you  may  make  a  fresh  mark,  which,  no  matter  whether 
it  is  really  correct  or  not,  will  bring  the  two  instruments  in  question 
into  conformity  with  each  other. 

Cylindi'ical  pipettes,  graduated  throughout  their  entire  length,  may  be 
used  also  to  measure  out  any  given  quantities  of  liquid  ;  however,  these 
instruments  can  properly  be  employed  only  in  processes  where  minute 
accuracy  is  no^*  indispensable,  as  the  limits  of  enor  in  reading  off  the 
divisions  in  the  wider  part  of  the  tube  are  not  inconsiderable.  For 
smaller  quantities  of  liquid  this  inaccuracy  may  be  avoided,  by  making 
the  pipettes  of  tubes  of  uniform  width,  having  a  small  diameter  only, 
and  narrowed  at  both  ends.     (Fr.  Mohr's  measuring  pipettes.) 

When  a  fluid  runs  out  of  a  pipette,  drops  sometimes  remain  here  and 
there  adhering  to  the  tube  ;  this  arises  from  a  film  of  fat  on  the  inside ; 
it  may  be  removed  by  keeping  the  instrument  some  time  filled  with  a 
solution  of  bichromate  of  potassa  mixed  with  sulphuric  acid. 

bb.  Measuring  vessels  which  serve  to  measure  out  quantities  of  fluid  at 
will. 


4.   The  Burette. 

Of  the  various  forms  and  dispositions  of  this  instrument,  the  foUoTring 
appear  to  me  the  most  convenient : — 

§21. 

I.  Mohr'^s  Dti/rette,  (Compression  cock  burette.) 

For  this  excellent  measuring  apparatus,  which  is  represented  in  fig.  7, 
we  are  indebted  to  Fn.  Mohr.  It  consists  of  a  cylindrical  tube,  nar- 
rower towards  the  lower  end  for  about  an  inch,  with  a  slight  widening, 
however,  at  the  extreme  point,  in  order  that  the  caoutchouc  connector 
may  take  a  firm  hold.  I  only  use  burettes  of  two  sizes,  viz.,  of  30  c.  c, 
divided  into  ^^^  c.  c. ;  and  of  50  c.  c.  divided  into  ^  c.  c.  The  former  I 
employ  principally  in  scientific,  the  latter  chiefly  in  technical  investi* 
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gations.  Hie  usual  length  of  my  30  c.  c.  biii-ette  in  about  50  cm, ;  the 
gradiiatfid  portion  occupies  about  49  cut.  The  diameter  of  the  tube  ii 
accordingly  about  10  mm,  iii  the  clear;  the  upper  orifice  is,  for  the  coii' 
venience  of  filling,  widened  in  foim  of  a  funnel,  measuring  20  miu.  in 
diameter;  the  width  of  the  lower  orifice  is  5  mm.  For  veiy  delicuie 
processes,  the  length  of  the  graduated  portion  may  be  extended  to  50  or 
62  cm.,  leaving  thus  intervals  of  nearly  2  mm.  between  the  small  divi- 
sional lines.  In  my  50  c.  c.  burettes  the  graduated  portion  of  the  tube 
is  generally  10  cm.  long. 


Vlg.  7. 


To  make  the  instrument  ready  for  use,  the  narrowed  lower  end  of  the 
tabe  ia  wanned  a  little,  and  greased  with  tallow ;  a  caoutchouc  tube, 
Oibout  30  mm.  long,  and  having  a  diameter  of  3  mm.  in  the  clear,  is  then 
drawn  over  it ;  into  the  other  end  of  this  is  inserted  a  tube  of  preUy 
thick  glass,  about  40  mm.  long,  and  di-awn  out  to  a  tolerably  fine  poini ; 
iL  ia  advisable  to  slightly  widen  the  upper  end  of  this  tube  also,  and  t« 
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cover  it  with  a  thin  coat  of  tallow ;  and  also  to  tie  linen-thread,  or  twins^ 
round  both  ends  of  the  connector,  to  insure  perfect  tightness. 

The  space  between  the  lower 
oiifice  of  the  burette  and  the 
upper  oiifice  of  the  small  deli- 
very tube  should  be  about  15 
mm.  The  india-rubber  tube  is 
now  pressed  together  between 
the  ends  of  the  tubes  bj  the 
compression-cock  (or  clip).  This 
p.     g  ^^^       latter  instrument  is  usually  made 

**    *  ,  out  of  brass  wire ;  the  form  re- 

presented in  fig.  8  was  given  by  Mohr. 

A  good  clip  must  pinch  so  tight  that  not  a  particle  of  fluid  can  make 
its  way  through  the  connector  when  compressed  by  it ;  it  must  be  so  con- 
Bti*ucted  that  the  analyst  may  work  it  with  perfect  facility  and  exactness, 
so  as  to  regulate  the  outflow  of  the  liquid  with  the  most  rigorous  aocu- 
i*acy,  by  bringing  a  higher  or  less  degree  of  pressure  to  bear  upon  it. 

For  supporting  Mohr's  burettes,  1  use  the  holder  represented  in  Bg, 
7  ;  this  instrument,  whilst  securely  confining  the  tube,  permits  its  being 
moved  up  and  down  with  perfect  freedom,  and  also  its  being  taken  out, 
without  interfering  with  the  compression  cock.  The  position  of  the  bu- 
rette must  be  strictly  perpendicular,  to  insure  which,  care  must  be  taken 
to  have  the  grooves  of  the  cork  lining,  which  are  intended  to  receive  the 
tube,  perfectly  vertical,  with  the  lower  board  of  the  stand  in  a  horizon!* 
tal  position. 

To  charge  the  burette  for  a  volumetrical  operation,  the  point  of  the 
instrument  is  immersed  in  the  liquid,  the  compression-cock  opened,  and 
a  little  liquid,  sufficient  at  least  to  reach  into  the  burette  tube,  sucked 
up  by  applying  the  mouth  to  the  upper  end ;  the  cock  is  then  closed,  and 
the  liquid  poured  into  the  burette  until  it  reaches  up  to  a  little  aYx>ve 
the  top  mark.  The  burette  having,  if  required,  been  duly  adjusted  in 
the  proper  vertical  position,  the  liquid  is  allowed  to  drop  out  to  the  ex- 
act level  of  the  top  mark.  The  instioiment  is  now  ready  for  use.  When 
as  much  liquid  has  flowed  out  as  is  required  to  attain  the  desired  object^ 
the  analyst,  before  proceeding  to  i*ead  off"  the  volume  used,  has  to  wait  a 
few  minutes,  to  give  the  particles  of  fluid  adhering  to  the  sides  of  the 
emptied  portion  of  the  tube  proper  time  to  run  down.  This  is  an  indis- 
pensable part  of  the  operation  in  accurate  measurements,  since,  if  neg- 
lected, an  experiment  in  which  the  standard  liquid  in  the  burette  is  added 
slowly  to  the  fluid  under  examination  (in  which,  accordingly,  the  minute 
particles  of  fluid  adhering  to  the  glass  have  proper  time  afforded  them 
during  the  operation  itself  to  run  down),  will,  of  course,  give  slightly 
different  results  from  those  arrived  at  in  another  experiment,  whei*e  the 
larger  portion  of  the  standard  fluid  is  applied  rapidly,  and  the  last  few 
drops  alone  are  added  slowly. 

Tlie  way  in  which  the  rea/ling-off  is  effected,  is  a  matter  of  great  im- 
portance in  volumetric  analysis ;  tlie  first  requisite  is  to  bring  the  eye  to 
a  level  with  the  top  of  the  fluid.  We  must  consequently  settle  the  ques- 
tion— What  is  to  be  considered  the  top  ? 

If  you  hold  a  burette,  ]>artly  filled  with  water,  between  the  eye  and  a 
stronglv  illumined  wall,  the  surface  of  the  fluid  presents  the  aj)peai*ance 
shown  in  fig.  10 ;  if  you  hold  close  behind  the  tube  a  sheet  of  wbiite  paper, 
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with  aBti-onglighf  fallingonit,  the  »>ui-face  of  the  Quid  presents  theaj-jn^ar 
aiice  showu  ill  lig.  9, 

III  the  one  as  well  as  iu  the  other  cane,  you  have  to  read  off  at  the  Iowit 
boi-iler  of  the  daik  zone,  tlds  being  tlie  most  distinctly  marked  line.  Fit, 
MotiR  i-econimendn  the  folli)wiiig  device  for  reading-off : — Pitate  on  a  sheet 
of  very  white  paper  a  hroad  strip  of  black  paper,  and,  when  reading-off, 
hold  this  close  behind  the  bui-ette,  in  a  poEition  to  place  the  border  line 
between  white  and  black  from  2  to  3  mm.  below  the  lower  border  of  the 
dark  zone,  an  shown  in  fig.  IX  ;  read-off  at  the  lower  border  of  the  dark 


Hg:». 


Pig.  10. 


Fig.  U. 


Great  care  mast  be  taken  to  hold  the  paper  invariably  in  the  same  posi- 
tion,  since,  if  it  be  held  lower  down,  the  lower  border  of  the  black  zone 
will  move  higher  up, 

I  prefer  to  read-off  in  a  light  which  causes  the  appearance  represented 
in  fig.  9. 

By  the  use  of  Erduann'b  float  *  all  uncertainties  in  reading-off  may  be 
avoided.  Fig.  IS  represents  a  burette  thus  pi-ovided.  In  this  case  we 
always  read  off  the  degi-ee  of  the  burette  which  coincides  with  the  circle 
in  the  middle  of  the  float.  The  float  must  be  bo  firted  to  the  width  of  the 
burette  that  when  placed  in  the  filled  burette,  it  will,  on  allowing  the 
fluid  to  run  out  gradually,  sink  down  with  the  same  without  waverirtg, 
and  when  it  has  been  pressed  down  into  the  fluid  of  the  cloaed  burette,  it 
will  slowly  rise  again.  The  weight  of  the  float  must,  if  necessaiy,  be  so 
regulated  by  mercury  that  when  placed  in  the  filled  tube  it  may  cut  the 
fluid  with  its  top  uniformly  all  round.  A  further  important  condition 
of  the  float  is  that  its  axis  should  coincide  as  nearly  as  possible  with 
that  of  the  burette  tube,  so  that  the  di\-ision-mark  on  the  burette  may 
be  always  parallel  with  the  circular  line  on  the  float. 

The  correctness  of  the  graduation  of  a  burette  is  tested  in  the  most 
limple  way,  as  follows :  fill  the  instrument  up  to  the  highest  division 

■  Joura.  f.  prakt.  Chem.  71,  IM, 
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with  water  of  16°,  then  I 
mtely  weighed  flask,  and 

flow  out,  and 


[§2!- 

10  c.  c.  of  tlio  liquid  flow  out  into  an  ticvu 
iigh;  then  !et  another  quautity  of  lOc,  c. 
knd  weigh  M;HJn,  and  repeat  the  oijeratioa 
ttntil  the  contents  of  the  burette  are  exhausted.  If 
the  instrument  is  correctly  gruduated,  every  10  c.  c. 
of  water  of  10°  must  weigh  9'990  gi-m,  Diflereucea 
up  to  O'OIQ  grtn.  may  be  disregarded,  since  even  with 
the  greatest  care  bestowed  on  the  process  of  reading- 
off,  deviations  to  that  extent  will  occur  in  repeated 
measurements  of  the  uppermost  10  c  c.  of  one  and  the 
same  burette.  With  the  float-burettes  the  weighings 
agree  much  more  accurately,  and  the  differences  for 
10  c  c  do  not  exceed  0-002  gnu, 

Mohr's  burette  is  unquestionably  the  best  and  most 
convenient  instrumeat  of  the  kind,  and  ought  to  be 
employed  in  the  measurement  of  all  liquids  which  are 
not  injuriously  affected  by  contact  with  caoutchouc. 
Of  the  standard  solutions  used  at  present  in  volumetric 
analysis,  that  of  perniaugauate  of  potassa  alone  cannot 
bear  contact  with  caoutchouc 


§22. 
n.    Gay-Lueiiac't  Bttrette, 
Fig.  13  represents  this  instrument  in, 
as  I  believe,  its  most  practical  form. 

I  make  use  of  two  sizes,  one  of  fifty  o.  ^ 
0,  divided  into  \  c.  c,  the  other  of  30  c. 
Fig;.  13.  c  divided  into  -^  c.  c.     The  former  is 

about  33  cm.  long ;  the  p-aduuted  por- 
tion occupies  about  25  cm. ;  the  internal  diameter  of  the 
wide  tube  mea-sures  15  mm.;  that  of  the  narrow  tube  4 
mm.,  which  in  the  upper  bent  end  [{radually  decreases  to  2 
mm.  Tlie  graduated  (Wition  of  the  smaller  burette  is 
about  28  cm.  long,  and  has  "accord)  ngly  an  internal  diameter 
of  about  U  mm. 

T}ie  stand  which  I  make  use  of  to  rest  my  burettes  in, 
consists  of  a  disk  of  solid  wood,  from  fi  to  6  cm.  high,  and 
from  10  to  12  cm.  in  diameter,  witli  holes  made  with  the 
auger  and  chisel,  of  proper  size  to  receive  the  bottom  part  of 
the  burettes. 

To  complete  the  instrument,  MoiIR  suggests  the  use  of  a 
perforated  cork,  bearing  a  shoit  glass  tube  bent  at  a  right 
w^lo.  The  cork  being  inserted  into  the  mouth  of  the  wide 
tube,  a  piece  of  caoutchouc  is  drawn  over  the  short  glass 
tube;  by  blow^ing  into  this  with  greater  or  less  force,  the 
outflow  of  the  liquid  from  the  spout  of  the  slightly  slanting 
burette  may  be  regulated  at  pleasure. 

The  i-endiug-off  of  the  height  of  the  liquid  is  effected  in       Pig.  18, 
tlie  same  way  as  explainB<l  in  §  31.     I  prefer,  however, 
placing  the  Imi-ette  firmly  against  a  perjiendiciilar  partition,  either  a 
«ti-ougly  illumined  door,  or  the  |>ane  of  a  window,  to  insure  the  vertical 
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position  of  the  inbtniraent.  It  is  only  when  operating  with  more  highly 
concentrated,  and  accordingly  opaque  solutions  of  permanganate  of  potassa, 
that  the  method  of  reading  oft*  requires  modification ;  in  that  case,  the 
up|>er  l)order  of  the  liquid  is  noted ;  and  the  best  way  is  to  place  the 
burette  against  a  white  background,  and  read  oft*  by  reflected  light. 

§23. 
III.    Oeissler^s  burette. 

m 

In  this  instrument,  which  is  represented  in  fig.  14,  the  narrow  tube 
is  placed  inside  the  wide  tube  instead  of  outside,  as  in  Gay-Lussac's 
burette.  The  part  of  the  inner  tube  projecting  beyond  the  wide  tube  is 
thick  in  the  glass ;  whilst  the  part  inside,  which  is  of  the  same  inside 
width,  is  made  of  very  thin  glass. 

This   is  a  very  convenient  instrument,  and  less 
liable  to  fracture  than  Gay-Lussac's  burette. 


II.  Preliminary  Operations. — ^Preparation  of 
Substances  for  the  Processes  of  Quantita- 
tive Analysis. 

§  24. 
1.  The  Selection  op  the  Sample. 


Before  the  analyst  proceeds  to  make  the  quanti- 
tative analysis  of  a  body,  he  cannot  too  carefully 
consider  whether  the  desired  result  is  fully  attained 
if  he  simply  knows  the  respective  quantity  of  every 
individual  constituent  of  that  body.     This  primary  | 

point  is  but  too  frequently  disregarded,  and  thus 
false  impressions  are  made,  even  by  the  most  care- 
ful analysis.  This  remark  applies  both  to  scientific 
and  to  technical  investigations. 

Therefore,  if  you  have  to  determine  the  constitu- 
tion of  a  mineral,  take  the  gi*eatest  possible  care  to 
remove  in  the  first  place  every  particle  of  gangue, 
and  disseminated  impurities  ;  remove  any  adherent 
matter  by  wiping  or  washing,  then  wrap  the  sub- 
stance up  in  a  sheet  of  thick  paper,  and  crush  it  to 
pieces  on  a  steel  anvil ;  and  pick  out  with  a  pair  of 
small  pincers  the  cleanest  pieces.  Crystalline  sub- 
stances, prepared  artificially,  ought  to  be  purified 
by  recr3rstAllization  ;  precipitates  by  thorough  wash- 
ing, drc,  <Src. 

In  technical  investigations, — when  called  upon, 
for  instance,  to  determine  the  amount  of  peroxide 
pi-esent  in  a  manganese  ore,  or  the  amount  of  iron 
present  in  an  iron  ore, — ^the  first  point  for  consider-  pig.  14. 

at  ion  ought  to  I>e  whether  the  samples  selected  cor- 
re2>]>ond  as  much  as  possible  to  the  average  quality  of  the  ore.     What 
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vould  it  serve,  indeed,  to  the  purchaser  of  a  manganese  mine  to  knov  tha 
■mount  of  peroxide  present  im  a  select,  possibly  particularly  rich,  sample? 
These  few  observations  will  Kufiice  to  show  that  no  universally  a\i\i\i- 
cable  and  valid  rules  to  guide  the  analyst  in  the  selection  of  the  sani|i]e 
can  be  laid  dovoi ;  he  must  in  every  individual  case,  oii  the  one  hand, 
examine  the  subsbincc  carefully,  and  more  particularly  also  under  the 
mici-uBcojio,  or  through  a  lenii ;  and,  on  the  other  hand,  keep  clearly  in 
view  the  object  of  the  invest ig>it ion,  and  then  take  his  measurea  accord- 
ingly. 

§25. 
2.  Mechanical  Divisioit. 
In  order  to  prepare  a  substance  for  analysis,  i.e.,  to  render  it  accessible 
to  the  action  of  solvents  or  fluxes,  it  is  generally  indispensable,  in  ths 
first  place,  to  divide  it  into  minute  parts,  since  this  mil  create  abun- 
dant points  of  contact  for  tlie  solvent,  and  will  counteract,  and,  as  fitr  as 
practicable,  remove  the  advei-»e  influencps  of  the  power  of  cohesion,  thus 
fulfilling  all  Lhe  conditions  necessary  to  effect  a  complete  and  speedy 
solution. 

The  means  emjdoyed  to  attain  this  object  vary  according  to  the  nature 
of  tlie  dittci'i.-nt  bodies  we  have  to  operat-e  upon.  In  many  cases,  simple 
enishing  or  pounding  is  sufficient ;  in  other  cases  it  is  necessary  to  reduce 
the  powder  to  the  very  highest  degree  of  fineness,  by  sifting  or  by  elii- 
triation. 

Tlie  operjition  of  i)owdcring  is  conducted  in  mortars ;  the  first  and  moft 
indispensable  condition  is,  thiit  the  material  of  the  mortar  be  considerably 
harder  than  the  sulwtance  to  be  pulverized,  so  as  to  prevent,  as  far  as 
practicable,  the  latter  from  being  contaminated  with  any  particles  of  the 
former.  Thus,  for  pounding  salts  and  other  substances  possessing  no 
very  considerable  degree  of  hardness,  porcelain  moi-tars  may  be  used, 
whilst  the  pounding  of  harder  substances  (of  most  minerals,  for  instance,) 
I'equires  vessels  of  agate,  chalcedony,  or  flint.  In  such  cases,  the  larger 
pieces  are  first  reduced  to  a  coarse  powder;  this  is  best  efiTected  by 
wrapping  them  up  in  several  sheets  of  writing-paper,  and  striking  them 
with  a  hammer  upon  asteeloriron  plat«; 
the  coarse  powder  thus  obtained  is 
then  pulverized,  in  small  portions  at  a 
time,  in  an  agate  mortar,  nntii  it  is  re- 
duced to  the  state  of  an  impalpable  pow- 
der. If  we  have  but  a  small  ]iortioa  of 
a  mineral  to  operate  upon,  and  indeed  in 
all  cases  where  we  are  desirous  of  avoid- 
ing loss,  it  is  advisable  to  use  a  steel 
mortar  (fig,  1.5)  for  the  preparatory  re- 
duction of  the  niinemi  t«  coarse  jiowder. 
a  b  nnd  c  d  represent  the  two  parts  of 
J  the  mortar  ;  these  may  be  reailily  taken 
asunder.  Tlio  substance  to  be  crushed 
(having,  if  ])rj»cticablc,  first  been  bi-oken 
_,  into  small  pieces),  is  ]i1aced  in  the  ev- 

^'8  "  lindrical  chamber  ef;  the  steel  cyUndeV, 

which  fits  somewhat  loosely  into  the  chamber,  sei'vcs  as  ])estle.     Tlie 
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mortar  is  placed  upon  a  solid  support,  and  perpendicular  blows  are  re- 
peatedly struck  upon  the  pestle  with  a  hammer  until  the  object  in  view 
is  attained. 

Minerals  which  are  very  difficult  to  pulverize  should  be  strongly 
ignited,  and  then  suddenly  pli^nged  into  cold  water,  and  subsequently 
again  ignited.  This  process  is  of  course  applicable  only  to  minerals 
which  lose  no  essential  constituent  on  ignition,  and  are  perfectly  insolu- 
ble in  water. 

In  the  purchase  of  agate  mortars,  especial  care  ought  to  be  taken 
that  they  have  no  palpable  cracks  or  indentations ;  very  slight  cracks, 
however,  that  cannot  be  felt,  do  not  render  the  mortar  useless,  although 
they  impair  its  durability. 

Minerals  insoluble  in  acids,  and  which  consequently  require  fusing, 
must  especially  be  finely  divided,  otherwise  we  cannot  calculate  upon 
complete  decomposition.  This  object  may  be  obtained  either  by  tritu- 
rating the  pounded  mineral  with  water,  or  by  elutriation,  or  by  sifting ; 
the  two  former  processes,  however,  can  be  resorted  to  only  in  the  case 
of  substances  which  are  not  attacked  by  water.  It  is  quite  clear  that 
analysts  must  in  future  be  much  more  cautious  in  this  point  than  has 
hitherto  been  the  case,  since  we  know  now  that  many  substances  which 
are  usually  held  to  be  insoluble  in  water  are,  when  in  a  state  of  minute 
division,  strongly  afiected  by  that  solvent ;  thus,  for  instance,  water, 
acting  upon  some  sores  of  tinely  pulverized  glass,  is  found  to  rapidly 
dissolve  from  2  to  3  per  cent,  of  the  powder  even  in  the  cold.  (Pelouze.*) 
Thus,  again,  finely  divided  feldspar,  granite,  trachyte  and  porphyry  give 
up  to  water  both  alkali  and  silica.     (H.  LuDWiG.f ) 

TrittAraiian  with  water  (levigatian).  Add  a  little  water  to  the  pounded 
mineral  in  th^  mortar,  and  triturate  the  paste  until  all  crepitation  ceases, 
or,  which  is  a  more  expeditious  process,  transfer  the  mineral  paste  from 
the  mortar  to  an  agate  or  flint  slab,  and  triturate  it  thereon  with  a 
mailer.  Rinse  the  paste  off,  with  the  washing  bottle,  into  a  smooth 
porcelain  basin  of  hemispheric  form,  evaporate  the  water  on  the  water- 
bath,  and  mix  the  residue  most  carefully  with  the  pestle.  (The  paste 
may  be  dried  also  in  the  agate  mortar,  but  at  a  veiy  gentle  heat,  since 
otherwise  the  mortar  might  crack.) 

To  perform  the  process  of  dutriatian,  the  pasty  mass,  having  first  been 
very  finely  triturated  with  water,  is  washed  off"  into  a  beaker,  and  stirred 
witji  distilled  water ;  the  mixture  is  then  allowed  to  stand  a  minute  or 
so,  after  which  the  supernatant  turbid  fluid  is  poured  off  into  another 
b€»&ker.  The  sediment,  which  contains  the  coarser  parts,  is  then  again 
subjected  to  the  process  of  trituration,  ^.,  and  the  same  operation  re- 
peated until  the  whole  quantity  is  elutriated.  The  turbid  fluid  is 
allowed  to  stand  at  rest  until  the  minute  particles  of  the  substance  held 
in  suspension  have  subsided,  which  generally  takes  many  hours.  The 
water  is  then  finally  decanted,  and  the  powder  dried  in  the  beaker. 

The  process  of  nfting  is  conducted  as  follows :  a  piece  of  fine,  well- 
washed,  and  thoroughly  dry  linen  is  placed  over  the  mouth  of  a  bottle 
about  10  cm.  high,  and  pressed  down  a  little  into  the  mouth,  so  as  to 
form  a  kind  of  bag ;  a  portion  of  the  finely  triturated  substance  is  put 
into  the  bag^  and  a  piece  of  soft  leather  stretched  tightly  over  the  top 


♦  Compt  Rend.  t.  xliii.,  pp.  117-123. 
t  irchiv  der  Pharm.  91,  147. 
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by  way  of  cover.  By  (Iruinming  with  the  finger  on  thp^  leather  cover,  a 
shaking  motion  is  inipai  teil  to  the  bag,  which  makes  the  finer  particles 
of  the  powder  gradually  pass  througli  the  linen.  The  portion  rcmaiulDg 
in  the  bag  is  subjected  again  to  trituration  in  an  agate  mortar,  and,  to- 
gether with  a  fresh  portion  of  the  powder,  sifted  again ;  and  the  same 
process  is  continued  until  the  entire  mass  has  passed  through  the  bag 
into  the  glass. 

When  operating  on  substances  consisting  of  different  compounds  it 
would  be  a  grave  error  indeed  to  use  for  analysis  the  powder  resulting 
from  the  fii*st  process  of  elutriation  or  sifting,  since  this  will  contain  the 
more  readily  pulverizable  constituents  in  a  greater  proportion  to  the 
more  resisting  ones  than  is  the  case  with  the  original  substance. 

Great  care  must,  therefore,  also  be  taken  to  avoid  a  loss  of  substance 
in  the  process  of  elutriation  or  sifting,  as  this  loss  is  likely  to  be  distri- 
buted unequally  among  the  several  component  parts. 

In  cases  where  it  is  intended  to  ascertain  the  average  composition  of 
a  heterogeneous  substance,  of  an  iron  ore  for  instance,  a  large  average 
sample  is  selected,  and  reduced  to  a  coarse  powder ;  the  latter  is 
thoroughly  intermixed,  a  j)ortion  of  it  powdered  more  finely,  and  mixed 
unifonnly,  and  finally  the  quantity  required  for  analysis  is  reduced  to 
the  finest  powder.  The  most  convenient  instrument  for  the  crushing 
and  coarse  pounding  of  large  samples  of  oi*e,  <S^c.,  is  a  steel  anvil  and 
hanmier.  The  anvil  in  my  own  laboratory  consists  of  a  wood  pillar,  85 
cm.  high  and  20  cm.  in  diameter,  into  which  a  steel  plate,  3  cnu  thick 
and  20  cm.  in  diameter,  is  let  to  the  depth  of  one-half  of  its  thickness. 
A  brass  ring,  5  cm.  high,  fits  round  the  upper  projecting  part  of  the 
steel  plate.  The  hammer,  which  is  well  steeled,  has  a  striking  surface 
of  5  cm.  diameter.  An  anvil  and  hammer  of  this  kind  afford,  among 
others,  this  advantage,  that  their  steel  surfaces  admit  most  readily  of 
cleaning.  To  convert  the  coarse  powder  into  a  finer,  a  smooth-turned 
steel  mortar  of  about  130  mm.  upper  diameter  and  74  mm.  deep  is  used 
— the  final  tritui*ation  is  conducted  in  an  agate  mortar. 

§26. 
3.  Drying. 

Bodies  which  it  is  intended  to  analyze  quantitatively,  must  be,  when 
weighed,  in  a  definite  state,  in  a  condition  in  which  they  can  be  always 
obtained  again. 

Now,  the  essential  constituents  of  a  substance  are  usually  accompanied 
by  an  unessential  one,  viz.,  a  greater  or  less  amount  of  water,  enclosed 
either  within  its  lamellaft,  or  adhering  to  it  from  the  mode  of  its  prepara- 
tion, or  absorbed  by  it  from  the  atmosphere.  It  is  perfectly  obvious  that 
to  estimate  correctly  the  quantity  of  a  substance,  we  must,  in  the  first 
place,  remove  this  variable  amount  of  water.  Jfost  solid  bodies^  there- 
fore, require  to  be  dried  before  tliey  can  be  quantitatively  ancdyixd. 

The  operation  of  drying  is  of  the  very  highest  importance  for  the 
correctness  of  the  results  ;  indeed  it  may  safely  be  averred  that  many  of 
the  differences  observed  in  analytical  researches  proceed  entirely  from 
the  fact  that  substances  are  analyzed  in  different  states  of  moisturo. 

Many  bodies  contain,  as  is  well  known,  water  which  is  pro])er  to  them 
eithei  <»s  inherent  in  their  constitution  or  as  so-called  water  of  crystal* 
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lization.  In  coniradistinction  to  this,  we  will  employ  the  term  maisture 
to  designate  that  variable  adherent  or  mechanically  enclosed  water,  with 
ilie  removal  of  which  the  operation  of  drying  in  the  sense  here  in  view 
in  alone  concerned. 

In  the  diying  of  substances  for  quantitative  analysis,  our  object  is  to 
remove  all  moisture,  without  interfering  in  the  slightest  degree  witii 
combined  water  or  any  other  constituent  of  the  body.  To  accom])li8h 
thLs  object,  it  is  absolutely  requisite  that  we  should  know  the  proportiea 
which  the  substance  imder  examination  manifests  in  the  dry  state,  and 
whether  it  loses  water  or  other  constituents  at  a  red  heat,  or  at  100°, 
or  in  dried  air,  or  even  simply  in  contact  with  the  atmosphere.  These 
data  will  serve  to  guide  us  in  the  selection  of  the  process  of  desiccation 
best  suited  to  each  substance.* 

The  following  classification  may  accordingly  be  adopted  : — 

a.  Substances  which  lose  water  even  in  simple  contact  unth  the  atmo- 
sphere /  such  as  sulphate  of  soda,  crystallized  carbonate  of  soda,  &c. 
Substaiioes  of  this  kind  turn  dull  and  opaque  when  exposed  to  the  air, 
and  finally  crumble  wholly  or  partially  to  a  white  powder.  They  are 
more  difiicult  to  dry  than  many  other  bodies.  The  process  best  adapted 
for  the  purpose,  is  to  press  the  pulverized  salts  with  some  degi*ee  of  force 
between  thick  layers  of  fine  white  blotting-paper,  repeating  the  operation 
with  fresh  paper  until  the  last  sheets  remain  absolutely  dry. 

It  is  generally  advisable  in  the  course  of  this  operation  to  repowder  the 
salt. 

b.  Substances  which  do  not  yield  water  to  the  atmosphere  {unless  it  is 
perfectly  dry),  but  effloresce  in  artificially  d'iied  air  y  such  as  sulphate  of 
magnesia,  tartrate  of  potassa  and  soda  (Rochelle  salt),  &c.  Salts  of  this 
kind  are  reduced  to  powder,  which,  if  it  be  very  moist,  is  pressed  between 
sheets  of  blotting  paper,  as  in  a ;  after  this  operation,  it  must  be  allowed 
to  remain  for  some  time  spread  in  a  thin  layer  upon  a  sheet  of  blotting- 
paper,  efifectually  protected  against  dust,  and  shielded  from  the  dii*ect 
rays  of  the  sun. 

§27. 

c.  Substances  which  undergo  no  alteration  in  dried  air^  but  lose  water 
€U  100° ;  tartrate  of  lime,  for  instance.  These  are  finely  pulverized ;  thfi 
powder  is  put  in  a  thin  layer  into  a  watch-glass  or  shallow  dish,  and  the 
latter  placed  inside  a  chamber  in  which  the  air  is  kept  dry  by  means  of 
sulphuric  acid.  This  process  is  usually  conducted  in  one  of  the  following 
apparatuses,  which  are  termed  desiccators,  and  subserve  still  another 
pui*pose  besides  that  of  drying,  viz.,  that  of  allowing  hot  crucibles,  dishes, 
<fec.,  to  cool  in  dry  air. 

In  fig.  16,  a  represents  a  glass  plate  (ground-glass  plates  answer  the 
puri>08e  best),  5,  a  bell  jar  with  ground  rim,  which  is  greased  with 
tallow ;  c  is  a  glass  basin  with  sulphuric  acid ;  d,  a  roimd  iron  plate, 
supported  on  three  feet,  with  circular  holes  of  various  sizes,  for  the 
reception  of  the  watch-glasses,  crucibles,  <fec.,  containing  the  substance. 

*  The  dried  substance  should  always  at  once  be  transferred  to  a  well-closed 
resHel ;  glass  tabes,  sealed  at  one  end,  and  of  sufficiently  thick  glass  to  bear  the 
firm  insertion  of  tight-fitting  smooth  corks — weighing-tubes — are  usually  cm 
ployed  for  this  pozpose. 


In  fig.  17,  a  repnweats  a  L>eiikei'  witli  ground  and  greased  rim,  and 
611ed  to  one-fourth  or  oiie-tliivd  with  concentrated  sulphuric  »cid  ;  i  ia 
a  ground^laas  plate ;  c  is  a  bent  wire  of  lead,  which  uerres  to  snppoit 
the  watch-glass  contauung  the  Bubstancti. 


Fig.  18  represents  a  readily  portable  desiccator,  used  more  particnlarly 


to  receive  crucibles 


of  o 


Kiling,  and  cany  thera  to  the  bftlanoe. 
Tlie  inatrument  consists  of  a  box  made  of 
strong  glass ;  the  lid  must  be  ground  to 
shutair  tight ;  the  place  on  which  it  joins  is 
greased  with  tallow.  The  outer  diameter 
I  of  my  boxes  is  1U5  mm. ;  the  sides  are  6 
I  nun.  thick.  The  aperture  hoe  a  diameter 
of  80  mm. ;  the  box  up  to  the  am&ll  part  is 
66  mm  high ;  the  lid  has  the  s&me  height ; 
the  small  part  itself  is  15  mm.  high,  and 
ground  to  a  slightly  conical  shape.  A, 
brass  ring,  with  rim,  fits  exactly  into  the 
aperture;  therlmmuBtnot  project  beyond 
the  glass.  The  ring  bears  a  triangle  of 
iron,  or,  better,  platinum  wire,  intended 
for  the  reception  of  crucibles,  &c. 

The  body  which  it  is  intended  to  dry 
is  kept  exposed  to  the  uction  of  the  dry 
air  in  the  glasB,  until  it  shows  no  further 
diminution  of  weight.  Substances  upon 
which  the  oxygeu  of  the  air  exercisee  a 
modifying  influence  are  dried  in  a  simi- 
lar manner,  under  the  exhausted  receiver 
of  an  air-pump.  Substances  which,  though  losing  no  water  in  dry  air, 
yet  give  off  ammonia,  are  dried  over  cjuicklime,  mixed  with  some  chlo- 
ride of  amnioitium  in  powder,  and  consequently  in  an  anhydrous  am- 
nioniucal  atmosphere, 

§28. 

d.  Subsl/incen  wlneh  at  100"  ctmtplMy  hse  t}ieir  moisture,  without  nif. 
fxTiTig  an>i  other  aiteratwn,  such  as  hitartrate  of  potaswn,  sugar,  i& 
These  are  dried  in  tho  water-hath  ;  in  the  caseof  slow-dn-iog  uulmtincMi, 


Fig.  18. 
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or  where  it  is  wished  to  expedite  the  operation,  with  the  aid  of  a  cur- 
rent of  dry  air. 

Fig.  19  rejireaents  the  water-bath  moat 
commonly  used.  It  is  made  of  sheet  cop- 
jH'i-.  The  engraving  renders  a  detailed  de- 
scnjition  unjiecesaai-y.  The  inner  cham- 
ber, r,  is  surrounded  on  five  sides  by  the 
outer  case  or  jacket,  d  e,  without  commu- 
nicating with  it,  lie  object  of  the  apei^ 
tares  g  and  A  is  to  effect  change  of  air, 
which  pnrnose  they  answer  sufficiently  well.  _.     ,. 

When  it  is  intended  to  use  the  apparatus, 

the  outer  case  is  filled  to  about  one-half  with  rain-water,  and  the 
aperture  a  is  closed  with  a  perforated  cork,  into  which  a  glass  tube 
in  fitted ;  the  i^ierture  b  is  entirely  closed.  If  the  apparatus  is  int«nded 
to  be  heated  oTer  charcoal,  it  should  have  a  length  of  about  20  cm. 
froni</to_^;  but  if  over  a  gas-,  spirit-,  or  oil-lamp,  it  should  be  only  about 

13  cm.   long.     In  the   former  case,  tho  inner  chamber  is   17  cm.  deep, 

14  cm.  broad,  and  10  cm.  high  ;  in  the  latter  ca-te,  it  is  10  cm.  deep,  9 
cm.  broad,  and  6  cm.  high.  The  tempen(lui«  in  the  inner  chamber 
never  quite  reaches  100  ;  to  bring  it  up  to  100°,  F.  Rochledeb  has 
suggested  to  close  6  with  a  double-limbed  tube,  the  outer  longer  liiab 
of  which  dips  into  a  cylinder  filled  with  water;  a  is  in  that  case  closed 
with  a  perforated  cork  beating  a  sufficiently  tall  funnel  tube,  which  fits 
air-tight  in  the  cork.  The  lower  cud  of  this  tube  reaches  ilown  to  one 
inch  from  the  bottom. 

Id  large  analytical  laboratories  water  is  usually  kept  boiling  alt  day 
long,  for  the  production  of  distilled  water.  The  boilers  used  in  my  own 
laboratory  have  the  shape  of  somewhat  oblong  square  boxett,  about 
120  cm.  long,  60  cm.  broad,  and  24  cm.  high ;  the  front  of  the  boiler 
has  soldered  into  it,  one  above  the  other,  two  rows  of  drying  cham- 
bers, of  the  kind  shown  in  fig.  19.  This  gives  so  many  ovens  that 
almost  every  student  may  have  one  for  his  special  use.  Most  of 
these  ovens  are  from  11  to  12  cm,  deep  and  broad,  and  8  cm.  high; 
some  of  them,  however,  are  IG  cm.  deep  and  broad,  to  enable  them  to 
receive  laige-aized  dishes.  The  substances  to  be  dried  are  usually  put 
OD  double  watch-glasses,  laid  one  within  the  other,  which  are  placed  in 
the  oven,  and  the  door  is  then  closed.  In  the  subsequent  process  of  weigh- 
ing, the  upper  glass,  which  contains  the  substance,  is  covered  with  the 
lower  one.  The  glasses  must  be  quite  cold  before  they  are  placed  on  the 
scale.  In  cases  where  wc  have  to  deal  with  hygroscopic  substances,  the 
reahsoi-ption  of  water  upon  cooling  is  ])revented  by  the  selection  of  close- 
fitting  glasses,  which  are  held  tight  together  by  a  clasp  (fig.  SO),  and 
allowed  to  cool  with  their  contents 
under  abell-glass  over  sulphuric  acid 
(see  fig.  16).  These  latter  instruc- 
tions apply  eqitally  to  the  process  of 
drying  conducted  in  other  apparatus,   t 

The  clasp  used  for  keeping  the        _  _ 

watch-glasses  pressed  together — and  Ylf.  20. 

whichinallcaseswhere  it  isintended 

to  ascertain  the  loss  of  weight  which  a  substance  suffers  on  desiccation,  ia 
to  be  looked  upon  as  belonging  to  the  glasses,  and  must  accordingly  b< 
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weighed  with  them — is  conBtiucted  of  two  strips  of  thin  brass  plate,  about 
10  cm,  long,  and  t  cm.  wide,  which  are  laid  the  one  over  the  other,  and 
soldered  t<^tber  at  the  ends,  to  tlie  extent  of  6  to  6  mm. 

The  following  apparatus  (tig.  21)  serves  for  drying  substances  in  ■ 
current  of  air : — 


Fig.  81. 

a  reprCBenta  a  flask  filled  to  one-third  with  concentrated  Hnlphario 
acid;  c  a  glass  vessel  (commonly  called  a  Liebiq's  diying-tuhe),  andij  a  tin 
vessel,  provided  with  a  stop-cock  at  e,  and  arranged  in  other  respects  M 
the  cut  shows. 

h,  i,  represents  a  small  tin  vessel,  containing  water  and  covered  with 
a  lid ;  two  apertures  are  cut  into  the  border  of  the  latter^  to  receive 
the  ascending  limbs  of  c. 

The  tube  c  is  first  weighed  with  the  siitetance,  then  placed  in  the  water- 
bath,  A,  i,  which  is  placed  over  a  spiiit-  or  gaa-laoip  ;  the  asjiir&tor 
d  is  then  filled  with  water,  and  c  connected  with  the  flask  a  bj  the  per- 
forated cork  g,  and  with  d  by  means  of  a  caoutchouc  tube  f.  If  the 
stop-cock  6  be  now  opened  so  as  to  caune  the  water  to  diop  from  d,  the 
air  will  pass  through  the  tube  h,  and  after  being  dehydrated  by  the  snl- 
phuric  acid,  will  pass  over  tlic  heated  substance  in  c.  After  the  operation 
has  been  continued  for  some  time,  it  is  interrupted  for  the  purpose  of 
weighing  the  tube  c  and  its  contents,  and  then  resumed  again,  and  con- 
tinued imtil  the  weight  of  c  (and  its  contents)  remains  stationary.  The 
current  of  cold  air,  cKerciaing  its  constant  cooling  action  upon  the  sub- 
stance, the  latter  never  really  reaches  100".  It  is,  therefore,  sometimes 
advisable  to  substitute  for  the  water  in  the  bath  a  saturated  solution  of 

With  this  substitution,  the  apparatus  represented  in  fig.  21  ivill  bo 
found  to  effect  its  purpose  the  most  expeditiously.  It  is  not  adapted, 
however,  for  drying  such  substances  as  have  a  tendency  to  fuse'or  ^glu- 
tinate  at  100°. 

§  29. 

e.  fhthstanoet  which  p«rsiglentty  retain  moitture  at  100",  or  become  com- 
pleldy  di-y  only  after  a  very  long  time;  but  which  are  decompoted  by  a 
red  /leat. 

The  desiccation  of  such  substances  is  eflected  in  the  air-bath  or  oil- 
bath,  the  temperature  being  raised  to  110-120°,  and  still  higher,  and, 
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according  to  circumntaiices,  with  c 
air,  carbonic  acid,  or  hyclrogun. 

Figs.  22  and  23  represent  two  air-baths  of  simple  construction  ;  tlie  foi^ 
mcr  (fig.  22)  adapt-ed  for  the  desiccation  of  a  single  Rubatance,  tLe  lattei 
Buit«d  for  the  siinuitaneoug  drying  of  several  substanci:s. 

In  fig.  22,  .fl  is  a  box  of  strong  sheet  copper,  about 
1 1  cm.  high,  and  9  cm.  in  diametei'.  The  box  is  closed 
i(-ith  tJie  loose-fitting  cover  S,  which  is  provided  with 
a  naiTow  rim,  and  has  two  apertures,  C  and  E ;  Cia 
intended  to  receive  the  thermomt-ter  J),  which  is  fitted 
into  it  bj  a  perfora''«d  cork,  £!  afibrds  an  exit  to  the 
a([ueous  vapors,  and  is,  according  to  cu'cit Distances, 
either  left  open,  or  loosely  closed.  In  the  interior  of 
the  box,  about  half-way  up,  are  fixed  three  pins,  sup- 
jKirting  a  tiiangle  of  moderately  stout  wire,  upon 
which  the  crucible  with  the  substance  is  placed  un- 
covered. The  buib  of  the  thermometer  approaches  the 
criiciblfl  as  closely  as  possible,  but  without  f«nching 
the  triangle.  The  heating  is  effected  by  means  of  a 
pit*-  or  spirit-lamp.  Wben  the  apparatus  has  cooled 
KufBciently  to  allow  its  being  laid  hold  of  without  incon- 
^■enience,  the  lid  is  removed,  the  crucible,  which  is  stilt 
warm,  taken  out,  covered,  and  allowed  to  cool  in  a  desiccator;  and  weigh* 
ed  when  cold. 

In  fig.  23,  a  b  \s  &  case  of  strong  sheet  copper,  with  riveted  or  lock- 
ed joints,  of  a  width  and  depth  of 
15  to  20  cm.,  and  corresponding 
height.  The  apoiture  c  is  intend- 
ed to  receive  a  perforated  cork, 
into  which  is  fixed  a  thermometer, 
d,  which  reaches  into  the  interior 
of  the  case ;  within  is  a  shelf,  on 
which  ai«  placed  the  watch-glasses 
with  the  substances  to  be  dried. 
The  case  is  heuted  by  means  of  a 
gas-,spirit-,oroil-lamp.  Whenthe  , 
temjierature  has  once  reached  the 
intended  point,  it  is  easy  to  main- 
tain it  pretty  constant,  by  regu-  i 
latingtheflame.*  Inordertolimit 
as  much  as  possible  the  cooling 
from  without,  it  is  advisable  to  put 
over  the  whole  apparatus  a  paste- 
board hood  with  a  movable  front, 

[The  air-bath,  fig.  23,  by  a  slight 
alteration,  may  serve  for  desicca- 
ting in  a  stream  of  dry  air.  For  this  purpose,  cut  a  circular  orifice,  35  mm. 
wide,  in  each  end  of  the  copper  chamber,  and  rivet  over  each  orifice  acop 
per  tube  or  ring  of  corrpsponding  diameter,  and  25  mm.  long.  Fit  a  glass 
tube  of  20  mm.  diameter,  by  means  of  perforated  corks,  into  these  open- 
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iiigs,  RO  that  it  shall  travense  the  chamber  and  project  40-50  mm 
beyond  the  corks  at  each  end.  The  copper  tubes  should  be  so  adjusted 
that  the  glass  tube  shall  stand  horizontally  in  the  chamber,  at  the  same 
height  as  the  thermometer  bulb  and  just  behind  it.  To  produce  the  cur- 
rent of  dry  air  one  of  the  projecting  ends  of  the  wide  tube  is  connected  by 
a  narrow  glass  tube  and  perforated  cork,  with  an  aspirator  as  in  fig.  21,  the 
other  with  a  large  chloride  of  calcium  tube  ;  the  water  of  the  aspirator  u 
allowed  to  run  off  somewhat  rapidly  at  first,  more  slowlj  afterwai-ds. 
The  end  of  the  tube  that  delivers  the  air  into  the  wide  tube  is  recurved, 
BO  that  the  substance  within  shall  not  be  carried  away  in  the  current. 


Fig.  24. 

The  substance  to  be  dried  is  weighed  out  in  a  tray  of  platinum  or 
porcelain,  fig.  24,  which  is  pushed  within  the  wide  glass  tube  by  help  of 
a  wire.  When  the  substance  is  hygroscopic,  the  tray  is  placed  horizon- 
tally within  a  test-tube,  which  is  corked  while  the  weight  is  being  ascer- 
tained. The  substance  and  tray,  after  drying,  may  be  cooled  in  the  same 
test-tube ;  in  that  case,  just  before  putting  on  the  balance,  the  cork  should 
be  removed  momentaiTJy  to  allow  the  tube  to  fill  with  air.] 

§30. 

The  copper  apparatus  represented  in  fig.  19,  when  made  with  brazed 
joints,  can  be  employed  also  as  a  paraffine-bath ;  when  used  for  that 
purpose,  the  outer  case  is  filled  to  two- thirds  with  paraffine.  To  note 
the  temperature,  a  thermometer  is  inserted,  by  means  of  a  perforata 
cork,  in  the  ai)ei*ture  a  ;  with  the  bulb  reacliing  nearly  to  the  bottom, 
or,  at  all  events,  entirely  immersed  in  the  paraffine. 

Many  organic  substances,  when  dried  at  a  somewhat  high  temperature, 
suffer  alteration  by  the  action  of  the  atmospheric  oxygen.  In  the  desic- 
cation of  such  substances,  oxygen  must  accordingly  be  excluded. 

[The  drying  of  such  bodies  is  conducted  as  just  described  in  the  modified 
air-bath,  but  in  a  stream  of  dried  and  purified  hydrogen  or  carbonic  acid 
[see  §29).     The  gas  is  evolved  from  a  self-regulating  generator  (see  fig.  47, 

108,  or  "  Qual.  Anal.,"  Am.  ed.  p.  49).  To  the  end  of  the  wide  tube  from 
which  the  gas  escapes  is  fitted  a  perforated  cork  and  long  narrow  tube.] 

§  31. 

^f.  Substances  wliich  suffer  no  alterati'On  at  a  red  heaty  such  as  sulphate 
of  baryta,  pearlash,  <fec.,  are  very  readily  freed  from  moisture.  They 
need  simply  be  heated  in  a  platinum  or  porcelain  crucible  over  a  gas  or 
spirit-lamp  until  the  desired  end  is  attained.  The  crucible,  having  first 
been  allowed  to  cool  a  little,  is  put,  still  hot,  under  a  desiccator,  and 
finally  weighed  when  cold. 

III.  General  Procedure  is  Quantitative  Analyses. 

§  32. 

It  is  important,  in  the  first  place,  to  observe  that  we  embrace  in  the 
following  general  analytical  method  only  the  separation  and  determina- 
tion of  the  metals  and  their  combinations  with  the  metalloids,  and  of 
the  inorganic  acids  and  salts.     With  respect  to  the  quantitative  analysifl 
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of  other  oomponnds,  it  is  not  easy  to  lay  down  a  universally  applicable 
method,  except  that  their  constituents  usually  require  to  be  converted 
first  intr  acids  or  bases,  before  their  separation  and  estimation  can  b^ 
attempU^d ;  this  is  the  case,  for  insflEUice,  with  sulphide  of  phosphoinibk^ 
chloiide  of  sulphur,  chloride  of  iodine,  sulphide  of  nitrogen,  &c. 

The  quantitative  analysis  of  a  substance  presupposes  an  accurate 
knowledge  of  the  properties  of  the  same,  and  of  the  nature  of  its  several 
constituents.  These  data  will  enable  the  operator  at  once  to  decide 
whether  the  direct  estimation  of  each  individual  constituent  is  necessai-y ; 
whether  he  needP  operate  only  on  one  portion  of  the  substance,  or 
whether  it  would  be  advantageous  to  determine  each  constituent  in 
dilTerent  portions.  Let  us  suppose,  for  instance,  we  have  a  mixture  of 
chloride  of  sodium  and  anhydrous  sulphate  of  soda,  and  wish  to  ascertain 
the  proportion  in  which  these  two  substances  are  mixed.  Here  it 
would  be  superfluous  to  determine  each  constituent  directly,  since  the 
determination  either  of  the  quantity  of  the  chlorine,  or  of  the  sulphuric 
acid,  is  quite  sufficient  to  answer  the  purpose;  still  the  estimation  of 
both  the  chlorine  and  the  sulphuric  acid  will  afford  us  an  infallible  con- 
trol for  the  tforrectness  of  our  analysis ;  since  the  united  weights  of  these 
two  substances,  added  to  the  sodium  and  soda  respectively  equivalent  to 
them,  must  be  equal  to  the  weight  of  the  substance  taken. 

These  estimations  may  be  made,  either  in  one  and  the  same  portion  of 
the  mixture,  by  first  precipitating  the  sulphuric  acid  with  nitrate  of 
baryta,  and  subsequently  the  hydrochloric  acid  from  the  filtrate  with 
solution  of  nitrate  of  silver ;  or  a  separate  portion  of  the  mixture  may 
be  appropriated  to  each  of  these  two  operations.  Unless  there  is  some 
objection  to  its  use  (e.g,,  deficiency  or  heterogeneousness  of  substance), 
the  latter  method  is  more  convenient  and  generally  yields  more  accu- 
rate results ;  since,  in  the  former  method,  the  unavoidable  washing  of 
the  first  precipitate  swells  the  amount  of  liquid  so  considerably  that  the 
analysis  is  thereby  delayed,  and,  moreover,  loss  of  substance  less  easily 
guarded  against. 

Before  beginning  all  analyses,  at  least  those  of  a  more  complex  nature, 
the  student  should  write  out  an  exact  plan,  and  accurately  note  on 
paper,  during  the  entire  process,  everything  that  he  does.  It  is  in  tho 
highest  degree  unwise  to  rely  on  the  memory  in  a  complicated  analysis. 
When  students,  who  imagine  they  can  do  so,  come,  a  week  or  a  fort- 
night after  they  have  begun  their  analysis,  to  work  out  the  results, 
they  find  generally  too  late  that  they  have  forgotten  much,  which  now 
appears  to  them  of  importance  to  know.  The  intelligent  pursuit  of 
chemical  analysis  consists  in  the  projecting  and  accurate  testing  of  the 
plan ;  acuteness  and  the  power  of  passing  in  review  all  the  influencing 
chemical  relations  must  here  support  each  other.  He  who  works  with- 
out a  thoroughly  thought-out  plan,  has  no  right  to  say  he  is  practising 
chemistry;  for  a  mere  unthinking  stringing  together  of  a  series  of  fil- 
trations,  evaporations,  ignitions,  and  weighings,  howsoever  well  these 
several  operations  may  be  performed,  is  not  chemistry. 

AVe  will  now  proceed  to  describe  the  various  operations  constituting 
the  itrocess  of  quantitative  analysis. 

§  33. 
1.  Weighing  the  Substakce. 
The  amount  of  matter  required  for  the  quantitative  analysis  of  a 
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substance  depends  upon  the  nature  of  its  constituents ;  it  is,  therefor^ 
impossible  to  lay  down  rules  for  guidance  on  this  point.  Half  a 
gramme  of  chloride  of  sodium,  and  even  less,  is  sufficient  to  effect  the 
estimation  of  the  chlorine.  For  the  quantitative  snalysis  of  a  mixture 
of  common  salt  and  anhydrous  sulphate  of  soda,  1  gramme  will  suffice ; 
whereas,  in  the  case  of  ashes  of  plants,  complex  minerals,  <bc.,  3  or  4 
grammes,  and  even  more,  are  i*equired.  1  to  3  grm.  can  therefore  be 
indicated  as  the  average  quantity  suitable  in  most  cases.  For  the  esti- 
mation of  constituents  present  in  very  minute  proportions  only,  as, 
for  instance,  alkalies  in  limestones,  phosphorus  or  sulphur  in  cas1>-iron, 
<fec.,  much  greater  quantities  are  often  required — 10,  20,  or  50  grammes. 

The  great^jr  the  amount  of  substance  taken  the  more  accurate  will  be 
the  analysis ;  the  smaller  the  quantity,  the  sooner,  as  a  rule,  will  the 
analysis  be  finished.  We  would  advise  the  student  to  endeavor  to 
combine  accuracy  with  economy  of  time.  The  less  substance  be  takes 
to  operate  upon,  the  more  carefully  he  ought  to  weigh ;  the  larger  the 
amount  of  substance,  the  less  harm  can  result  from  slight  inaccuracies  in 
weighing.  Somewhat  large  quantities  of  substance  are  generally 
weighed  to  1  milligramme ;  minute  quantities,  to  -^^  of  a  milligramme. 

If  one  portion  of  a  substance  is  to  be  weighed  off,  we  firet  weigh  two 
watch-glasses  which  fit  on  each  other,  or  else  an  empty  platinum  cruci- 
ble with  lid,  then  we  put  some  substance  in,  and  weigh  again ;  the  differ- 
ence between  the  two  weighings  gives  the  weight  of  the  substance  taken. 

If  several  quantities  of  a  substance  are  to  be  operated  upon,  the  best 
way  is  to  weigh  off  the  several  portions  successively  ;  which  may  be 
accomplished  most  readily  by  weighing  in  a  glass  tube,  or  other  appro- 
priate vessel,  the  whole  amount  of  substance,  and  then  shaking  out  of  the 
tube  the  quantities  required  one  after  another  into  appropriate  vessels, 
weighing  the  tube  after  each  time. 

The  work  may  often  also  lie  •materially  lightened,  by  weighing  off  a 
larger  portion  of  the  substance,  dissolving  tliis  to  J,  ^  ^**  ^  liti'e,  and  tak- 
ing out  for  the  sevei-al  estimations  aliquot  parts,  with  the  50  or  100  c.  c. 
pipette.  The  fii*st  ana  most  essential  condition  of  this  proceeding,  of 
course,  is  that  the  pipettes  must  accurately  correspond  with  the  measur- 
ing flasks  (§§  18  and  20). 

§  34. 

2.  Estimation  op  the  Water. 

If  the  substance  to  be  examined — after  having  been  freed  from  mois- 
ture by  a  suitable  drying  process  (§§  26 — 32) — contains  water,  it  is 
usual  to  begin  by  detei-mining  the  amount  of  this  water.  This  openition 
is  geiiC'^ally  simple;  in  some  instances,  however,  it  has  its  difficulties^ 
This  depends  upon  various  circumstances,  viz.,  whether  the  compounds 
intended  for  analysis  yield  their  water  readily  or  not ;  whether  they  can 
bear  a  red  heat  without  suffering  decomposition ;  or  whether,  on  the 
contrary,  they  give  off  other  volatile  substances,  besides  water,  even  at 
a  lower  temi)erature. 

The  correct  hwxcledge  of  the  constitution  of  a  campound  de])ends 
frequently  upon  the  accurate  estimation  of  the  water  contained  in  it;  in 
many  cases — for  instance,  in  the  analysis  of  tlie  salts  of  known  acids — 
the  estimation  of  the  'vater  contained  in  the  analy7.ed  compound  suffices 
to  enable  us  to  deduce  the  formula.     The  estimation  -^i  the  water  con- 
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tained  in  a  substance  is,  therefore,  one  of  the  most  important,  as  well  as 
most  frequently  occurring  operations  of  quantitative  analysis.  The  pro- 
portion of  watei  contained  in  a  substance  may  be  deteniiined  in  two 
ways,  viz.,  a,  from  the  diminution  of  weight  consequent  upon  the  expul- 
sion of  the  water ;  6,  by  weighing  the  amount  of  water  expelled. 

§  35. 

a.  Estimation  op  the  Water  from  the  Loss  of  Weight. 

This  method,  on  account  of  its  simplicity,  is  most  frequently  employed. 
The  modus  operandi  depends  upon  the  nature  of  the  substance  under 
examination. 

a.    The  Substance  hears  ignition  withovt  losing  other  Constituents  besides 

Watery  and  witlwut  absorbing  Oxygen, 

The  substance  is  weighed  in  a  platinum  or  porcelain  crucible,  and 
placed  over  the  gas  or  s})irit  lamp ;  the  heat  should  be  very  gentle  at 
first,  and  gradually  increased.  When  the  crucible  has  been  maintained 
some  time  at  a  red  heat,  it  is  allowed  to  cool  a  little,  put  still  warm 
under  the  desiccator,  and  finally  weighed  when  cold.  The  ignition  is 
then  repeated,  and  the  weight  again  ascei'tained.  If  no  further  diminu- 
tion of  weight  has  taken  place,  the  process  is  at  an  end,  the  desired  ob- 
ject being  fully  attained.  But  if  the  weight  is  less  than  after  the  first 
heating,  the  operation  must  be  repeated  until  the  weight  remains  constant. 

In  the  case  of  silicat-es,  the  heat  must  be  raised  to  a  very  high  degree, 
since  many  of  them  {e,g.  talc,  steatite,  nephrite)  only  begin  at  a  red  heat 
to  give  off  water,  and  require  a  yellow  heat  for  the  complete  expulsion 
of  that  constituent.  (Th.  Scheerer.*)  Such  bodies  are  therefore 
ignited  over  a  blast  lamp. 

In  the  case  of  substances  that  have  a  tendency  to  puff  off,  or  to  spirt, 
a  small  flask  or  retort  may  sometimes  be  advantageously  substituted  for 
the  crucible.  Care  must  be  taken  to  remove  the  last  traces  of  aqueous 
vapor  from  the  vessel,  by  suction  through  a  glass  tube. 

Decrepitating  salts  (chloride  of  sodium,  for  instance)  are  put — finely 
pulverized,  if  possible — in  a  small  covered  platinum  crucible,  which  is 
then  placed  in  a  large  one,  also  covered ;  the  whole  is  weighed,  then 
heated,  gently  at  first  for  some  time,  then  more  strongly  ;  finally,  after 
cooling,  weighed  again. 

j8.   The  substance  loses  on  ignition  other  Constituents  besides  Water 
{jBoracic  Acidy  Stdphuric  Acid,  Fluoride  of  Silicon,  cfec). 

Here  the  analyst  has  to  consider,  in  the  first  place,  whether  the  water 
may  not  be  expelled  at  a  lower  degree  of  heat,  which  does  not  involve 
the  loss  of  other  constituents.  If  this  may  be  done,  the  substance  is 
heated  either  in  the  water-bath,  or  where  a  higher  temperature  is  re- 
quired, in  the  air-bath  or  oil-bath,  the  temperature  being  regulated  by 
the  thermometer.  The  expulsion  of  the  water  may  be  promoted  by 
the  co-operation  of  a  current  of  air  (compare  §§  29  and  30) ;  or  by  the 
addition  of  pure  dry  sand  to  the  substance,  to  keep  it  porous,  f     The 

*  Jahresber.  von  Liebig  u.  Kopp,  1851,  010. 
t  Ann.  d.  Chem.  u.  Tbarm, ,  53,  233. 
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process  must  bo  contbmed  under  these  circumstances  also,  until  the  weight  ' 
remains  constant. 

In  cases  where,  for  some  reason  or  other,  such  gentle  heating  ia  insuf- 
ficient, the  analyst  has  to  consider  whether  the  desired  end  may  not  l>t 
attained  at  a  red  heat,  by  adding  some  substance  that  will  retain  the 
volatile  constituent  whose  loss  is  apprehended.  Thus,  for  instance,  tlie 
crystallized  sulphate  of  alumina  loses  at  a  red  heat,  besides  water,  also 
sulphuric  acid ;  now,  the  loss  of  the  latter  constituent  may  be  guarded 
against  by  adding  to  the  sul])hate  an  excess  (about  six  times  the  quan- 
tity) of  tinely  pulverized,  recently  ignited,  pure  oxide  of  lead.  But  the 
addition  of  this  substance  will  not  prevent  the  escape  of  flaoride  of 
silicon  from  silicates  when  exposed  to  a  red  heat  (List  *). 

Thus  again,  the  amount  of  water  in  commercial  iodine  may  be  deter- 
mined by  triturating  the  iodine  together  with  eight  times  the  quantitj 
of  mercury,  and  drying  the  mixture  at  100°  (Bollkyj ). 

y.   The  Substance  contains  several  differently  combined  quantities  of 
Water  which  require  different  Degrees  of  Temperatu/re  for  JEkcpuUion* 

Substances  of  this  nature  are  heated  first  in  the  water-bath,  until  their 
weight  remains  constant ;  they  are  then  exposed  in  the  oil-  or  air-bath 
to  150,  200,  or  250°,  <kc.,  and  finally,  when  practicable,  ignited  over  a 
gas-  or  spirit-lamp.  [In  such  experiments,  it  is  best  to  proceed  as  de- 
scribed, §  29,  p.  39,  viz.,  to  heat  in  a  current  of  dried  air,  hydrogen,  or  car- 
bonic acid.] 

In  this  manner  differently  combined  quantities  of  water  may  be  dis- 
tinguished, and  their  respective  amounts  correctly  estimated*  Thus,  for 
instance,  crystallized  sulphate  of  copper  contains  28*87  per  cent,  of  water, 
which  escapes  at  a  temperature  below  140°,  and  7*22  per  cent.,  which 
escapes  only  at  a  tempei*ature  between  220  and  260°. 

(J.  Wiven  the  substance  lias  a  tendency  to  absorb  oxygen  (from  the  pre- 
sence of  protoxide  of  iron,  for  instance)  the  water  is  better  determined 
in  the  direct  way,  than  by  the  loss.     (§  3C.) 


§36. 

5.  Estimation  of  Water  by  Direct  Weighing. 

This  method  is  resorted  to  by  way  of  control,  or  in  the  case  of  substances 
which,  upon  ignition,  lose,  besides  water,  other  constituents,  which  cannot 
be  retained  even  by  the  addition  of  some  other  substance  (e.g,,  carbonic 
acid,  oxygen),  or  in  the  case  of  substances  containing  bodies  inclined  to 
oxidation  (c/jr.,  protoxide  of  iron).  The  pi*inciple  of  the  method  is  to  expel 
the  water  by  the  application  of  a  red  heat,  so  as  to  admit  of  the  condensa- 
tion of  the  aqueous  vapor,  and  the  collection  of  the  condensed  water  in 
an  appropriate  apparatus,  partly  physically,  partly  by  the  agency  of  some 
hygroscopic  substance.  The  increase  in  the  weight  of  this  apparatus 
repi-esents  the  quantity  of  the  water  ex])elled. 

The  operation  may  be  conducted  in  various  ways ;  the  following  is  one 
ff  the  most  appropriate  : — 


*  Inn.  d.  Ohem.  u.  Pharm.,  81,  189.  \  Dingler'a  Polyt.  Joum.,  126,  89. 
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M,  fig.  2b,  represents  e 
witL  coDcentrated  sulpha 
d Uu  bulb-tube. 
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gasometei'  filled  with  iur;  b  a  flask  half-filled 
ic  acid  j  c  and  a  o  are  cbloiode  of  calcikuu  tubes : 


Fig.  a5. 


The  substance  intended  for  examination  is  weighed  in  the  perfectly  dry- 
tube  d,*  which  is  then  connected  with  c  and  the  weighed  chloride  of  cal- 
cium tube  a  a,  by  means  of  sound  and  well-dried  perforated  corks. 

The  operation  is  commenced  by  opening  the  Htop-cock  e  b.  little,  to 
allow  the  air,  which  loses  all  its  moisture  in  b  and  e,  to  pass  slowly  through 
(/;  the  tube  <f  is  then  heated  to  beyond  the  boiling-point  of  water,  by  hold- 
ing a  lamp  towards^,  taking  care  not  to  bum  the  cork  ;  and  finally,  the 
bulb  which  contains  the  substance  is  exposed  to  a  low  i-ed  heat,  the  tem- 
perature at  _f  being  maintained  all  the  while  at  the  point  indicated. 
When  the  expulsion  of  the  water  has  been  accomplished,  a  alow  current  of 
air  ia  still  kept  up  till  the  bulb-tube  is  cold ;  the  apparatus  is  then  dis- 
connected, and  the  chloride  of  calcium  tube  a  o,  weighed.  The  increase 
in  the  weight  of  this  tube  represents  the  quantity  of  water  oiiginally 
present  in  the  substance  examined. 

The  empty  bulb  a,  in  which  the  greater  portion  of  the  water  collects, 
has  not  oikly  for  its  object  to  prevent  the  liquefaction  of  the  chloride  of 
calcium,  but  enables  the  analyst  also  to  test  the  condensed  water  as  to  its 
reaction  and  purity. 

The  apparatus  may,  of  course,  be  modified  in  various  ways ;  thus,  the 
chloride  of  calcium  tubes  may  be  U-shaped ;  a  U-tube,  filled  with  pieces 
of  pumice-stone  saturated  with  sulphuric  acid,  may  be  substituted  for  th« 
flask  with  sulphuric  acid  ;  and  the  gasometer  may  be  replaced  by  an  aspi- 
rator (fig.  31)  joined  to  o. 

The  expulsion  of  the  aqueous  vapor  from  the  tube  containing  the  sub- 
stance under  examination,  into  the  clilorido  of  calcium  tube,  may  bo' 
effected  also  by  other  means  than  a  current  of  air  supplied  by  a  gasometer 
or  aspirator ;  viz.,  the  substance  under  examination  may  be  heated  to 
redness  in  a  perfectly  dry  tube,  together  with  cai'bonate  of  lead,  since  the 
carbonic  add  of  the  latter,  escaping  at  a  red  heat,  serves  hei'e  the  same 
purpose  as  a  stream  of  air.     Thi«  method  is  principally  applied  in  cases 

■  [It  is  uanoUy  better  to  weigh  ofl  the  mibstanoa  intoatrajoi  boat  of  porcelain 
or  platinum,  and  place  this  within  a  itraight  tube  of  hard glsH  and  ignite  bjmeau 
oi  a  tube  f  umooe.] 
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where  it  is  desirable  to  retain  an  acid  which  otherwise  would  volatilize 
together  with  the  water ;  thus,  it  is  applied,  for  instance,  for  the  direct 
estimation  of  the  water  contained  in  the  bisulphate  of  potassa,  &o. 


Fig.  26. 

Fig.  26  represents  the  disposition  of  the  apparatus. 

o  6  is  a  common  combustion  furnace  ;  c  ^  a  tube  filled  as  follows  :^ 
from  c  to  d  with  carbonate  of  lead,*  from  d  to  e  the  substance  intimatelj 
mixed  with  carbonate  of  lead,  and  from  e  to  ^Z  pure  carbonate  of  lead.  The 
cliloride  of  calcium  tube  </,  being  accurately  weighed,  is  connected  with 
the  tube  c /*',  by  means  of  a  well-dried  perforated  cork,^. 

The  operation  is  commenced  by  surrounding  the  tube  with  red-hot 
charcoal,  advancing  from  f  toward  c;  the  fore  part  of  the  tube  which 
protrudes  from  the  furnace  should  be  maintained  at  a  degi'ee  of  heat  which 
bai'ely  permits  the  operator  to  lay  hold  of  it  with  his  fingei*s.  All  further 
particulars  of  this  operation  will  be  found  in  the  chapter  on  organic  ele- 
mentary analysis.  The  mixing  is  performed  best  in  the  tube  with  a  wire. 
T^e  tube  cj^  may  be  short  and  moderately  narrow. 

The  volatilization  of  an  acid  cannot  in  all  cases  be  prevented  by  oxide  of 
lead;  thus,  for  instance,  we  could  not  determine  the  water  in  crystallized 
boracic  acid  by  the  above  process.  T*his  could  readily  be  done,  towever, 
by  igniting  the  acid  mixed  with  excess  of  dry  carbonate  of  soda  in  a  glass 
tube  drawn  out  behind  in  the  form  of  a  beak,  receiving  the  water  in  a 
chloride  of  calcium  tube,  and  transferring  the  final  residue  of  aqueous 
vapor  into  the  Ca  Cl-tube  by  suction,  after  the  point  of  the  beak  has  been 
broken  off*.     (See  Organic  Analysis.) 

The  foregoing  methods  for  the  direct  estimation  of  water  do  not,  how- 
ever, yet  embrace  all  cases  in  which  those  described  in  §  35  are  inap- 
plicable ;  since  they  can  be  employed  only  if  the  substances  escaping 
along  with  the  water  are  such  as  w^ill  not  wholly  or  partly  condense  in 
the  chloride  of  calcium  tube  (or  in  a  hydrate  of  potassa  tube,  or  one 
filled  with  pumice-stone  saturated  with  sulphuric  acid,  which  might  be 
used  instead).  Thus  they  are  pci-fectly  well  adapted  for  determining 
the  water  in  the  basic  carbonate  of  zinc,  but  they  cannot  be  applied  to 
determine  the  water  in  sulphate  of  soda  and  ammonia.  With  sub- 
stances like  the  latter,  we  must  either  have  recourse  to  the  processes  of 
organic  elementary  analysis,  or  we  must  rest  satisfied  with  the  indirect 
estimation  of  the  water. 

§  37. 

3.  Solution  op  Substances. 

Before  pursuing  the  analytical  process  further,  it  is  in  most  eases  ne- 
cessary to  obtain  a  solution  of  the  substance.  This  operation  is  simple 
where  the  body  may  be  dissolved  by  direct  treatment  with  water,  or 
acids,  or  alkalies,  &c. ;  but  it  is  more  complicated  in  cases  where  the 
body  requires  fluxing  as  an  indispensable  preliminary  to  solution. 

*  The  carbonate  of  lead  must  have  been  previously  ignited  to  incipient 
position,  and  cooled  in  a  closed  tube. 
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When  we  have  mixed  substances  to  operate  upon,  the  component  parts 
of  which  behave  ditierently  with  solvents,  it  is  not  by  any  means  neces- 
sary to  dissolve  the  whole  substance  at  first ;  on  the  contrary,  the  sei)a- 
ration  may,  in  such  cases,  be  often  effected,  in  the  most  simple  and  ex- 
peditious manner,  by  the  solvents  themselves.  Thus,  for  instance,  a 
mixture  of  nitrate  of  potassa,  carbonate  of  lime,  and  sulphate  of  baiyta, 
may  be  readily  and  accurately  analyzed  by  dissolving  out,  in  the  first 
place,  the  nitrate  of  potassa  with  water,  and  subsequently  the  carbonate 
of  lime  by  hydrochloric  acid,  leaving  the  insoluble  sulphate  of  baiyta. 

§  38. 
a.  Direct  Solution. 

The  direct  solution  of  substances  is  effected,  according  to  circum- 
stances, in  beakers,  flasks,  or  dishes,  and  may,  if  necessary,  be  promoted 
by  the  application  of  heat ;  for  which  purpose  the  water-bath  will  be 
found  most  convenient.  In  cases  where  an  open  fire,  or  the  sand-bath, 
or  an  iron-plate  is  resorted  to,  the  analyst  must  take  care  to  guard  against 
actual  ebullition  of  the  fluid,  since  this  would  render  a  loss  of  substance 
from  spirting  almost  unavoidable,  especially  in  cases  where  the  process 
is  conducted  in  a  dish.  Fluids  containing  a  sediment,  either  insoluble, 
or,  at  least,  not  yet  dissolved,  will,  when  heated  over  the  lamp,  often 
bump  and  spirt  even  at  temperatures  far  short  of  the  boiling-point. 

In  cases  where  the  solution  of  a  substance  is  attended  with  evolution 
of  gas,  the  process  is  conducted  in  a  flask,  placed  in  a  sloping  position, 
BO  that  the  spirting  drops  maybe  thrown  against  the  walls  of  the  vessel, 
and  thus  secured  from  being  carried  off  with  the  stream  of  the  evolved 
gas ;  or  it  may  be  conducted  in  a  beaker,  covered  with  a  large-sized 
watch-glass,  which,  after  the  solution  is  effected,  and  the  gas  expelled  by 
heating  on  the  water-bath,  must  be  thoroughly  rinsed  with  the  washing- 
bottle. 

In  cases  where  the  solution  has  to  be  effected  by  means  of  concentrated 
volatile  acids  (hydrochloric  acid,  nitric  acid,  aqua  regia),  the  operation 
should  never  be  conducted  in  a  dish,  but  always  in  a  flask  covered  with 
a  watch-glass,  or  placed  in  a  slanting  position,  and  the  application  of  too 
high  a  temperature  must  be  avoided.  Tlie  operation  should  always  be 
conducted  also  under  a  hood,  with  proper  draught,  to  carry  off  the  es- 
caping acid  vapors.  In  my  own  laboratory,  I  use  for  the  latter  purpose 
ihe  following  simple  contrivance  :  a  leaden  pipe,  permanently  fixed  in  a 
convenient  position,  leads  from  the  working  table  through  the  wall  or 
the  window-frame  into  the  open  air.  The  end  in  the  laboratoiy  is  con- 
nected with  one  of  the  mouths  of  a  two-necked  bottle  wliich  contains  a 
little  water.  The  other  mouth  of  the  bottle  is  closed  with  a  perforated 
cork,  bearing  a  firmly-fixed  glass  tube  bent  at  a  right  angle ;  the  portion 
of  the  tube  which  enters  the  bottle  must  not  dip  into  the  water.  The 
Bolution-flask  being  now  closed  with  a  perforated  cork,  or  an  indiarrub- 
ber  cap,  bearing  a  glass  tube,  connected  by  means  of  india-rubber  with 
the  bent  tube  in  the  doubled-necked  bottle,  the  vapors  evolved  are  cai*- 
ried  out  of  the  laboratory  without  the  least  inconvenience  to  the  operator ; 
moreover,  no  receding  of  fluid  upon  cooling  need  be  apprehended.  In- 
stead of  conveying  the  vapors  away  through  a  tube  leading  into  the 
open  aiTy  a  conical  glass-tul^e  filled  with  pieces  of  bi*oken  glass,  moist 
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euod  with  water  or  solution  of  carbonate  of  soda,  may  be  fixed  on  the 
second  mouth  of  the  double-necked  bottle.  I,  however,  prefer  the  othei 
method.  In  some  cases,  it  is  advisable  also  to  conduct  the  escaping  va^ 
pors  into  a  little  water,  and,  when  solution  has  been  effected,  make  the 
water  recede  by  withdrawing  the  lamp,  since  this  will,  at  the  same  time, 
serve  to  dilute  the  solution ;  care  must  be  taken,  however,  to  guard 
against  a  premature  receding  of  the  water  in  consequence  of  an  acci- 
dental cooling  of  the  solution  flask. 

It  is  often  necessary,  in  conducting  a  process  of  solution,  to  guard 
against  the  action  of  the  atmospheric  oxygen ;  in  such  cases,  a  slow 
stream  of  carbonic  acid  is  transmitted  through  the  solution-flask ;  in 
some  cases  it  is  sufficient  to  expel  the  air,  by  simply  first  putting  a  little 
bicarbonate  of  soda  into  the  flask,  containing  an  excess  of  acid,  before 
introducing  the  substance. 

§  39. 
6.  Solution,  preceded  by  Fluxing. 

Substances  insoluble  in  water,  acids,  or  aqueous  alkalies,  usually 
require  decomposition  by  fluxing,  to  prepare  them  for  analysis.  Sub- 
stances of  this  kind  are  often  met  with  in  the  mineral  kingdom ;  most 
silicates,  the  sulphates  of  the  alkaline  earths,  chrome  ironstone,  Jec, 
belong  to  this  class. 

The  object  and  general  features  of  the  process  of  fluxing  have  already 
been  treated  of  in  the  qualitative  part  of  the  present  work.  The  special 
methods  of  conducting  this  important  operation  will  be  described  here- 
after under  "  The  analysis  of  silicates,"  and  in  the  proper  places ;  as  a 
satisfactory  description  of  the  process,  with  its  various  modifications, 
cannot  well  be  given  without  entering  more  minutely  into  the  particular 
circumstances  of  the  several  special  cases. 

Decomposition  by  fluxing  often  requires  a  higher  temperature  than  ia 
attainable  with  a  spirit-lamp  with  double  draught,  or  with  a  conmion 
gas-lamp.  In  such  cases,  the  glass-blower's  launp,  fed  with  gas,  is  used 
with  advantage. 

§  40. 
4.  Conversion  op  the  dissolved  Substance  into  a  weiqhablb  Fohx. 

The  conversion  of  a  substance  in  a  state  of  solution  into  a  form  adapted 
for  weighing  may  be  effected  either  by  evaporation  or  by  precipitatton. 
The  former  of  these  operations  is  applicable  only  in  cases  where  the  sub- 
stance, the  weight  of  which  we  are  desirous  to  ascertain,  either  exists 
already  in  the  solution  in  the  form  suitable  for  the  determination  of  its 
weight,  or  may  be  converted  into  such  form  by  evaporation  in  conjunction 
with  some  reagent.  The  solution  must,  moreover,  contain  the  substance 
unmixed,  or,  at  least,  mixed  only  with  such  bodies  as  are  expelled  by 
evaporation  or  at  a  red-heat.  Thus,  for  instance,  the  amount  of  sulphate 
of  soda  present  in  an  aqueous  solution  of  that  substance  may  be  asoer- 
ttiined  by  simple  evaporation  ;  whilst  the  carbonate  of  potassa  contained 
in  a  solution  would  better  be  converted  into  chloride  of  potassium,  by 
evaporating  with  solution  of  chloride  of  ammonium.  * 

Precipitation  may  always  be  resorted  to,  whenever  the  substanoe  i 
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Bolution  admits  of  being  converted  into  a  combination  which  is  insoluble 
in  the  menstruum  present,  provided  that  the  precipitate  is  fit  for  deter- 
mination, which  can  never  be  the  case  unless  it  can  be  washed  and  is  of 
constant  composition. 

§41. 
a.  Evaporation. 

In  processes  of  evapoi-ation  for  pharmaceutical  or  technico-chemical 
purposes  the  principal  object  to  be  considered  is  saving  of  time  and  fuel ; 
but  in  evaporating  processes  in  quantitative  analytical  researches  this  is 
merely  a  subordinate  point,  and  the  analyst  has  to  direct  his  principal 
care  and  attention  to  the  means  of  guarding  agai^Eist  loss  or  contamina^ 
tion  of  the  substance  operated  upon. 

The  simplest  case  of  evaporation  is  when  we  have  to  concentrate  a 
dear  Jiuidy  toithout  carrying  ttie  process  to  dryness.  To  effect  this  object, 
the  fluid  is  poured  into  a  basin,  which  should  not  be  filled  to  more  than 
two-thirds.  Heat  is  then  applied  by  placing  the  basin  either  on  a  water* 
bath,  sand-bath,  common  stove,  or  heated  iron  plate,  or  over  the  flame 
of  a  gas-  or  spirit-lamp,  care  being  taken  always  to  guard  against  actual 
ebullition,  as  this  invariably  and  unavoidably  leads  to  loss  from  small 
drops  of  fluid  spirting  out.  Evaporation  over  a  gas  or  spirit-lamp,  when 
conducted  with  proper  care,  is  an  expeditious  and  cleanly  process.  Bun- 
sen's  gas-lamp  may  be  used  most  advantageously  in  operations  of  this 
kind ;  a  little  wire-gauze  cap,  loosely  fitted  upon  the  tube  of  the  lamp,  is 
a  material  improvement.  By  means  of  this  simple  arrangement  it  is 
easy  to  produce  even  the  smallest  flame,  without  the  least  apprehension 
of  ignition  of  the  gas  within  the  tube. 

If  the  evaporation  is  to  be  effected  on  the 
water-bath,  and  the  operator  happens  to  possess 
a  Beindorf,  or  other  similarly-constructed  steam 
apparatus,  the  evaporating-dish  may  be  placed 
simply  into  an  opening  corresponding  in  size. 
Otherwise  recourse  must  be  had  to  the  water-bath, 
illustrated  by  ^.  27.  Fig.  27. 

It  is  made  of  strong  sheet  copper,  and  when 
used  is  half  filled  with  water,  whicb  is  kept  boiling  over  a  gas-,  spirit-,  or 
oil-lamp.  The  breadth  from  a  to  6  should  be  from  12  to  18  cm.  Vari- 
ous flat  rings  of  the  same  outside  diameter  as  the  top  of  the  bath,  and 
adapted  to  receive  dishes  and  crucibles  of  different  sizes,  are  essential 
adjuncts  to  the  bath.  The.se  rings  when  required  are  simply  laid  on  the 
bath. 

It  will  occasionally  happen  that  the  water  in  the  bath  completely 
evaporates ;  in  such  cases,  residues  are  heated  to  a  higher  degree  than  is 
desirable,  concentrated  solutions  spirt,  <fec.  To  avoid  these  inconve- 
niences, a  water-bath  with  constant  level  is  employed.  Such  a  bath  is 
shown  in  fig.    ,  p.     ,  where  the  reader  will  find  its  description. 

If  the  operator  can  conduct  his  processes  of  evaporation  in  a  room  set 
apart  for  the  purpose,  where  he  may  easily  guard  against  any  occurrence 
tending  to  suspend  dust  in  the  air,  he  will  find  it  no  very  difficidt  task  to 
keep  the  evaporating  fluid  clean ;  in  this  case  it  is  best  to  leave  the  dishes 
uncovered.     But  in  a  large  laboratory,  frequented  by  many  people,  or  in 

4 


M  OPERATIONS.  [§  4L 

a  room  exposed  to  draughts  of  air,  or  in  which  coal  fires  are  baming,  tha 
greatest  caution  is  required  to  protect  the  evaporating  fluid  from  contami- 
nation by  dust  or  ashes. 

For  this  purpose  the  evaporating  dish  is  either  covered  with  a  sheet  of 
filtering-paper  turned  down  over  the  edges,  or  a  glass  rod  twisted  into  a 

triangular  shape  (fig.  28)  is  laid  upon  it,  and  a 
sheet  of  filtering-paper  spread  over  it,  which  is 
kept  in  position  by  a  glass  rod  laid  across,  the 
latter  again  being  kept  from  rolling  down  by  the 
slightly  turned  up  ends,  a  and  6,  of  the  triangle. 
"j,.     23  The  best   way,  however,  is  the   following: — 

Take  two  small  thin  wooden  hoops  {tig,  29),  one 
of  which  fits  loosely  in  the  other ;  spread  a  sheet  of  blotting-paper  over 
the  smaller  one,  and  push  the  other  over  it.     This  forms  a  cover  admirably 

adapted  to  the  ))urpose ;  and  whilst  in  no  way 
interfering  with  the  operation,  it  completely  pro- 
tects the  evaporating  fluid  from  dust,  and   may 

be  readily  taken  ofl*;  the  paper  cannot  dip  into  the 

Fiff.  29.  fluid;    the   cover    lasts    a  long  time,  and  may, 

moreover,  at  any  time  be  easily  renewed. 
It  must  be  borne  in  mind,  however,  that  the  common  filtering-paper 
coutitins  always  certain  substances  soluble  in  acids,  such  as  lime,  sesqui- 
oxide  of  ii'on,  &c.,  which,  were  covers  of  the  kind  just  described  used  over 
evaj)()rating  dishes  containing  a  fluid  evolving  acid  vapors,  would  infidlibly 
dissolve  in  these  vapors,  and  the  solution  diipping  down  into  the  evapo- 
rating fluid,  would  speedily  contaminate  it.  Care  must  be  taken,  there- 
fore, in  such  cases,  to  use  only  such  filtering-paper  as  has  been  freed  by 
washing  from  substances  soluble  in  acids. 

Evaporation  for  the  purpose  of  concentration  may  be  effected  also 
in  fliisks ;  these  are  only  half  filled,  and  placed  in  a  slanting  position. 
The  process  may  be  conducted  on  the  sand-bath,  or  over  a  gas-  or  spirit- 
lamp,  or  even,  and  with  equal  propriety,  over  a  charcoal  fire.  In  cases 
where  the  operation  is  conducted  over  a  lamp  or  a  charcoal  fire,  it  is  the 
safest  way  to  place  the  flasks  on  wire  gauze.  Gentle  ebullition  of  the 
fluid  can  do  no  harm  here,  since  the  slanting  position  of  the  flask  guards 
ellectively  against  risk  of  loss  from  the  spirting  of  the  liquid.  Still  better 
than  in  flasks,  the  object  may  be  attained  by  evaporating  in  tubulated 
retorts  with  open  tubulure  and  neck  directed  obliquely  upwards.  The 
latter  act43  as  a  chimney,  and  the  constant  change  of  air  thus  effected  is 
extremely  favorable  to  evaporation. 

Tlie  evaporation  o^  fluids  containing  a  precipitate  is  best  conducted  on 
the  water- bath ;  since  on  the  sand-bath,  or  over  the  lamp,  it  is  next  to 
impossible  to  guard  against  loss  from  bumping.  This  bumping  is  occa- 
sioned by  slight  explosions  of  steam,  aiising  from  the  sediment  impeding 
the  uniform  diffusion  of  the  heat.  Still  there  remains  another,  though 
less  B;\fe  way,  viz.,  to  conduct  the  evaporation  in  a  crucible  placed  in  a 
slanting  position,  as  illustrated  in  fig.  30.  In  this  process,  the  flame  is 
made  to  play  upon  the  crucible  above  the  level  of  the  fluid. 

Where  n  fluid  has  to  he  evaporated  to  dryness^  as  is  so  often  the  case,  the 
operation  should  always,  if  possible,  be  terminated  on  the  water-bath.  In 
cases  where  the  nature  of  the  dissolved  substance  precludes  the  appUoti- 
tion  of  the  water-bath,  the  object  in  view  may  often  be  most  rear  lily 
attained  by  heating  the  contents  of  the  dish  from  the  top,  wliicL  is 
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effected  by  placing  the  dish  in  a  proper  position  in  a  drying  closet,  whose 
npper  plate  is  heated  by  a  flame  (that  of  the  water-  or  sand-bath)  passing 
over  it.  If  the  substance  is  in  a  covered  platinum  dish  or  crucible,  place  the 
gas-lamp  in  such  a  position  that  the  flame  may  act  on  the  cover  from  above. 

In  cases  where  the  heat  has  to  be  applied  ^ 

from  the  bottom,  a  method  must  be  chosen 
which  admits  of  an  equal  diffusion  and  ready 
regulation  of  the  heat. 

An  air-bath  is  well  adapted  for  this  purpose, 
i,e.,  a  dish  of  iron  plate,  in  which  the  porcelain 
or  platinum  dish  is  to  be  placed  on  a  wire  tri- 
angle, 80  that  the  two  vessels  may  be  at  all 
points  ^  to  |-  inch  distant  from  each  other. 
The  copper  apparatus,  fig.  27,  may  also  serve 
as  an  air-bath,  although  I  must  not  omit  to 
mention  that  this  mode  of  application  will  in 
tlie  end  seriously  injure  it.  If  the  operation  has 
to  be  conducted  over  a  lamp,  the  dish  should  be 
placed  high  above  the  flame;  best  on  wire 
gauze,  since  this  will  greatly  contribute  to  an 
equal  diffusion  of  the  heat.     The  use  of  the  Fig.  80. 

sand-bath  is  objectionable  here,  because  with 

that  apparatus  we  cannot  reduce  the  heat  so  speedily  as  may  be  desira- 
ble. An  iron  plate  heated  by  gas  may  })erhap8  be  u&ed  with  advantage. 
But  no  matter  which  method  be  employed,  Oiis  rule  applies  equally  to 
all  of  them ;  that  the  operator  must  watch  the  process,  from  the  moment 
tliat  the  residue  begins  to  thicken,  in  order  to  prevent  spirting,  by  redu- 
cing the  heat,  and  breaking  the  pellicles  which  form  on  the  surface,  with 
a  glass  rod,  or  a  platinum  wire  or  spatula. 

Saline  soltUiana  that  have  a  tendency,  upon  tlteir  evaporation,  to  creep 
up  the  sides  of  the  vessd,  and  may  thus  finally  pass  over  the  brim  of  the 
latter,  thereby  involving  the  risk  of  a  loss  of  substance,  should  be  heated 
from  the  top,  in  the  way  just  indicated ;  since  by  that  means  the  sides 
of  the  vessel  will  get  heated  sufficiently  to  cause  the  instantaneous  evap- 
oration of  the  ascending  liquid,  preventing  thus  its  overflowing  the 
brim.  The  inconvenience  just  alluded  to  may,  however,  be  obviated 
also,  in  most  cases,  by  covering  the  brim,  and  the  uppermost  part  of  the 
inner  side  of  the  vessel,  with  a  very  thin  coat  of  tallow,  thus  diminish- 
ing the  adhesion  between  the  fluid  and  the  vessel. 

In  tlie  case  of  liquids  evolving  gas-bubbles  upon  evaporating,  particu- 
lar caution  is  required  to  guard  against  loss  from  spirting.  The  safest 
way  is  to  heat  such  liquids  in  an  obliquely-placed  flask,  or  in  a  beaker 
covered  with  a  large  watch-glass ;  the  latter  is  removed  as  soon  as  the 
evolution  of  gas-bubbles  has  ceased,  and  the  fluid  that  may  have  spirted 
up  against  it  is  carefully  linsed  into  the  glass,  by  means  of  a  washing- 
bottle.  If  the  evaporation  has  to  be  conducted  in  a  dish,  a  rather 
capacious  one  should  be  selected,  and  a  very  moderate  degree  of  heat  ap- 
plied at  first,  and  until  the  evolution  of  gas  has  nearly  ceased. 

If  a  fluid  has  to  be  evaporated  with  exclusion  of  air,  the  best  way  is 
to  place  the  dish  under  the  bell  of  an  air-pump,  over  a  vessel  with  sul- 
phuric acid,  and  to  exhaust ;  or  a  tubulated  retort  may  be  used,  through 
whose  tubulure  hydrogen  or  carbonic  acid  is  passed  by  the  aid  of  a  tube 
not  quite  reaching  to  the  surface  of  the  fluid. 
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TIte  mateiial  of  the  evaporating  vessels  may  exercise  a  much  greatei 
iiiflueiicc  on  the  results  of  an  analysis  than  is  geneiully  believed.  Many 
rather  startling  phenomena  that  are  observed  in  analytical  processes  may 
arise  simply  from  a  contamination  of  the  evapoittted  liquid  by  the  mate- 
rial of  the  vessel ;  great  eiTors  may  also  spring  from  the  same  source. 

The  importance  of  this  point  has  induced  me  to  subject  it  to  a  search- 
ing investigation  (see  Appendix,  Analytical  Experiments,  1 — 4),  of 
which  I  will  here  briefly  intimate  the  results. 

Distilled  water  kept  boiling  for  some  length  of  time  in  glass  (flasks  of 
Bohemian  glass)  dissolves  very  appreciable  traces  of  that  material.  This 
is  owing  to  the  formation  of  soluble  silicates ;  the  particles  dissolved 
consult  chiefly  of  potussa,  or  soda  and  lime,  in  combination  with  silicic 
acid.  A  much  larger  proportion  of  the  glass  is  dissolved  by  water  contain- 
ing caustic  or  carbonated  alkali  ;  boiling  solution  of  chloride  of  ammo- 
nium also  strongly  attacks  glass  vessels.  Boiling  dilute  acids,  with  the 
exception,  of  course,  of  hydrofluoric  and  hydrofluosilicic  acids,  exercise  a 
less  powerful  solvent  action  on  glass  than  pure  water.  Porcelain  (Berlin 
dishes)  is  much  less  affected  by  water  than  glass ;  alkaline  liquids  also  ex- 
ercise a  less  poweiful  solvent  action  on  porcelain  than  on  glass ;  the 
quantity  dissolved  is,  however,  still  notable.  Solution  of  chloride  of  am- 
monium acts  on  porcelain  as  strongly  as  on  glass ;  dilute  acids,  thou^^ 
exercising  no  very  powerful  solvent  action  on  porcelain,  yet  attack  tluit 
material  more  strongly  than  glass.  It  results  from  these  data,  that  in 
analyses  pretending  to  a  high  degree  of  accuracy,  platiniim  or  platinum- 
iridium  or  silver  dishes  should  always  be  preferred.  The  former  may 
be  used  in  all  cases  where  no  free  chlorine,  bromine,  or  iodine  is  present 
in  the  fluid,  or  can  be  formed  dunng  evaporation.  Fluids  containing 
caustic  alkalies  may  safely  be  evaporated  in  platinum,  but  not  to  the 
point  of  fusion  of  the  residue.  Silver  vessels  should  never  be  used  to  evap- 
orate acid  fluids  nor  liquids  containing  alkaline  sulphides ;  but  they  are 
admirably  suited  for  solutions  of  caustic  and  carbonated  alkalies,  as  well 
as  of  most  neutral  salts. 

§42. 

We  come  now  to  weighing  the  residues  remaining  upon  the  evapo* 
ration  of  fluids.  We  allude  here  simply  to  such  as  are  soluble  in 
water  ;  those  which  are  separated  by  filtration  will  be  treated  of  afterwards. 
Kesidues  are  generally  weighed  in  the  same  vessel  in  which  the  evaporation 
has  been  completed,  for  which  purpose  platiimm  dishes,  from  4  to  8  cm.  in 

diameter,  provided  with  light  covers,  or  large  plati- 
num crucibles,  are  best  adapted,  since  they  are 
lighter  than  porcelain  vessels  of  the  same  capacity. 
However,  in  most  cases,  the  amount  of  liquid 
to  be  evaporated  is  too  largo  for  so  small  a  vessel, 
and  its  evaporation  in  portions  would  occupy  too 
much  time.  Tlie  best  way,  in  cases  of  this  kind, 
is  to  concentrate  the  liqiiid  first  in  a  larger  vessel, 
and  to  terminate  the  operation  afterwards  in  the 
smaller  wtjighing  vessel. 
Pig,  81.  In  transferiing  the  fluid  from  the  larger  to  the 

smaller  vessel,  the  lip  of  the  former  is  slightly 
greased,  and  the  liquid  made  to  run  down  a  glass  rod.    (See  fig.  31.) 
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Finally  the  large  vessel  is  carefully  rinsed  with  a  washing-bottle,  until  a 
drop  of  the  last  rinsing  leaves  no  longer  a  residue  upon  evaporation  on  a 
platinum  knife.  When  the  fluid  has  thus  been  transferred  to  the  weigh- 
ing-vessel, the  evaporation  is  completed  on  the  water-bath  and  the  resi- 
duary substance  finally  ignited,  provided,  of  course,  it  will  admit  of  this 
process.  For  this  purpose  the  dish  is  covered  with  a  lid  of  thin  plati- 
num (or  a  thin  glass  plate),  and  then  placed  high  over  the  flame  of  a 
lamp,  and  heated  very  gently  until  all  the  water  which  may  still  adhere 
to  the  substance  is  expelled ;  the  dish  is  now  exposed  to  a  sti*onger,  and 
finally  to  a  red-heat.  (Where  a  glass  plate  is  used,  this  must,  of  course, 
be  removed  befoi*e  igniting.)  In  this  case  it  is  also  well  to  make  the 
flame  play  obliquely  on  the  cover  from  above,  so  as  to  run  as  little  risk 
as  possible  of  loss  by  spii-ting.  After  cooling  in  a  desiccator,  the  covered 
dish  is  weighed  with  its  contents.  When  operating  upon  substances 
which  decrepitate,  such  as  chloride  of  sodium,  for  instance,  it  is  advisa- 
ble to  expose  them — after  their  removal  from  the  water-bath,  and  pre- 
viously to  the  application  of  a  naked  flame — to  a  temperature  somewhat 
above  100°,  either  in  the  air-bath,  or  on  a  sand-bath,  or  on  a  common 
stove. 

If  the  residue  does  not  admit  of  ignition,  as  is  the  case,  for  instance, 
with  organic  substances,  ammoniacal  salts,  <fec.,  it  is  dried  at  a  tempera- 
ture suited  to  its  nature.  In  many  cases,  the  temperature  of  the  water- 
bath  is  sufl&ciently  high  for  this  purpose,  for  the  drying  of  chloride  of  am- 
monium, for  instance ;  in  others,  the  air  or  oil-bath  must  be  resorted  to. 
(See  §§  29  and  30.)  Under  any  circumstances,  the  desiccation  must  be 
continued  until  the  substance  ceases  to  suffer  the  slightest  diminution 
in  weight,  after  renewed  exposure  to  heat  for  half  an  hour.  The  dish 
should  invariably  be  covered  duiing  the  process  of  weighing. 

If,  as  will  frequently  happen,  we  have  to  deal  with  a  fluid  containing 
a  small  quantity  of  a  salt  of  potassa  or  soda,  the  weight  of  which  we 
want  to  ascertain,  in  presence  of  a  comparatively  large  amount  of  a  salt 
of  ammonia,  which  has  been  mixed  with  it  in  the  coui*se  of  the  analytical 
process,  I  prefer  the  following  method :  The  saline  mass  is  thoroughly 
dried,  in  a  large  dish,  on  the  water-bath,  or,  towards  the  end  of  the  pro- 
cess, at  a  temperature  somewhat  exceeding  100°.  The  dry  mass  is  then, 
with  the  aid  of  a  platinum  spatula,  transfen*ed  to  a  small  glass  dish, 
which  is  put  aside  for  a  time  in  a  desiccator.  The  last  traces  of  the 
salt  left  adhering  to  the  sides  and  bottom  of  the  large  dish  are  rinsed  off 
with  a  little  water  into  the  small  dish,  or  the  large  crucible,  in  which  it 
is  intended  to  weigh  the  salt ;  the  water  is  then  evaporate^,  and  the  dry 
contents  of  the  glass  dish  are  added  to  the  residue :  the  anmionia  salts 
are  now  expelled  by  ignition,  and  the  residuary  fixed  salts  finally  weighed. 
Should  some  traces  of  the  saline  mass  adhere  to  the  smaller  glass  dish, 
they  ought  to  be  removed  and  transferred  to  the  weighing  vessel,  with 
the  aid  of  a  little  pounded  chloride  of  ammonium,  or  some  other  salt 
of  ammonia,  as  the  moistening  again  with  water  would  involve  an  almost 
eertain  loss  of  substance. 

§  43. 

h.  Precipitation. 

Precipitation  is  resorted  to  in  quantitative  analysis  far  more  frequently 
Uian  evaporation,  since  it  serves  not  merely  to  convert  substances  into 
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forms  adapted  for  weighing,  but  also,  ai)d  more  especially^  to  fieparata 
them  from  oue  auothi^r.  The  principal  intention  in  precipitation,  for  the 
purpose  of  quantitative  estimations,  is  to  convert  the  substance  in  sola- 
tion  into  a  form  in  which  it  is  insoluble  in  the  menstruum  present. 
The  result  will,  therefore,  cccteris  paribtut,  be  the  more  accurate,  the 
more  the  precipitated  body  deserves  the  epithet  insoluble,  and  in  cases 
where  precipitates  are  of  the  same  degree  of  solubility,  that  one  will 
suffer  the  least  loss  which  comes  in  contact  with  the  smallest  amount  of 
solvent. 

Hence  it  follows,  first,  that  in  all  cases  where  other  circumstances  do 
not  interfere,  it  is  preferable  to  precipitate  substances  in  their  most  inso< 
luble  form ;  thus,  for  instance,  baryta  had  better  be  precipitated  as  sul- 
phate than  as  carbonate ;  secondly,  that  when  we  have  to  deal  with  pre- 
cipitates that  are  not  quite  insoluble  in  the  menstruum  present,  we  must 
endeavor  to  remove  that  menstruum,  aa  far  as  practicable,  by  evapora- 
tion ;  thus  a  dilute  solution  of  strontia  should  be  concentrated,  before 
proceeding  to  precipitate  the  strontia  with  sulphuric  acid ;  and,  thirdly, 
that  when  we  have  to  deal  with  precii)itates  slightly  soluble  in  the  liquid 
present,  but  insoluble  in  another  menstruum,  into  which  the  former  may 
be  converted  by  the  addition  of  some  substance  or  other,  we  ought  to 
endeavor  to  bring  about  this  modification  of  the  menstruum.  Thus,  for 
instance,  alcohol  may  be  added  to  water,  to  induce  complete  precipitar 
tion  of  chloride  of  platinum  and  ammonium,  chloiide  of  lead,  sulphate 
of  lime,  &c. ;  thus  again,  the  basic  phosphate  of  magnesia  and  ammonia 
may  be  rendered  insoluble  in  an  aqueous  menstruum  by  adding  ammonia 
to  the  latter,  &c. 

Precipitation  is  generally  effected  in  beakers.  In  cases,  however, 
where  we  have  to  precipitate  from  fluids  in  a  state  of  ebullition,  or 
where  the  precijiitate  requires  to  be  kept  boiling  for  some  time  with 
the  fluid,  flasks  or  dishes  are  substituted  for  beakers,  with  due  regard 
always  to  the  material  of  which  they  are  made  (see  Evaporation,  §  41, 
at  the  end). 

The  sepai*ation  of  precipitates  from  the  fluid  in  which  they  are  aws- 
}>ended,  is  effected  eitlier  by  decantation  or  Jtltration,  or  by  both  these 
processes  jointly.  But,  before  proceeding  to  the  separation  of  the  pre- 
cipitate by  any  of  these  methods,  the  operator  must  know  whether  the 
precipitant  has  been  added  in  sufficient  quantity,  and  whether  the  pre- 
cipitate is  completely  formed.  To  determine  the  latter  point,  an  accurate 
knowledge  of  the  properties  of  the  various  precipitates  must  be  attained, 
which  we  shall  endeavor  to  supply  in  the  third  section.  To  decide  the 
former  question,  it  is  usually  sufficient  to  add  to  the  fluid  (after  the  pre- 
cipitate has  settled)  cautiously  a  fresh  portion  of  the  pi'ecipitant,  and  to 
note  if  a  further  turbidity  ensues.  This  test,  however,  is  not  ii^tkllible, 
when  the  precipitate  has  not  the  property  of  forming  immediately ;  as, 
for  instance,  is  the  case  with  phospho-molybdate  of  ammonia.  When  this 
is  apprehended,  pour  out  (or  transfer  with  a  pii)ette)  a  small  quantity 
of  the  clear  supernatant  fluid  into  another  vessel,  add  some  of  the  pre- 
cii)itant,  warm,  if  necessary ;  and  after  some  time  look  and  see  whe^er 
a  fresh  precipitate  has  formed.  As  a  general  rule,  the  precipitated  liqtdd 
should  be  allowed  to  stand  at  re^t  for  several  houi-s,  before  proceeding  to 
the  separation  of  the  precipitate.  This  rule  a])j>lies  more  particularly 
to  crystalline,  pulverulent,  and  gelatinous  i>recipitatea,  whilst  curdy  and 
flocculent  precipitates,  more  particularly  when   the  precipitation 
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effocted  at  a  boiling  temperature,  may  often  be  filtered  off  immediately. 
However,  we  must  observe  here,  that  all  general  rules,  in  this  respect, 
arc  of  limited  application. 

§44. 
a.  Separation  op  Precipitates  by  Decantation. 

When  a  precipitate  subsides  so  completely  and  speedily  in  a  fluid  that 
the  latter  may  be  decanted  off  perfectly  clear,  or  drawn  off  with  a 
syphon,  or  removed  by  means  of  a  pipette,  and  that  the  washing  of  the 
precipitate  does  not  require  a  very  long  time,  decantation  is  often  resorted 
to  for  its  separation  and  washing ;  this  is  the  case,  for  instance,  with 
chloride  of  silver,  metallic  mercury,  «fec. 

Decantation  will  always  be  found  a  very  expeditious  and  accurate 
method  of  separation,  if  the  process  be  conducted  with  due  care ;  it  in 
necessary,  however,  in  most  cases,  to  promote  the  speedy  and  complete 
subsidence  of  the  precipitate  ;  and  it  may  be  laid  down  as  a  general  rule, 
that  heating  the  precipitate  with  the  fluid  will  produce  the  desired  effect. 
Nevertheless,  there  are  instances  in  which  the  simple  application  of  heat 
will  not  suffice ;  in  some  cases,  as  with  chloride  of  silver,  for  instance, 
agitation  must  be  resorted  to ;  in  other  cases,  some  reagent  or  other  is 
to  be  added — ^hydrochloric  acid,  for  instance,  in  the  precipitation  of  mer- 
cury, <kc.  We  shall  have  occasion,  subsequently,  in  the  fourth  section, 
to  discuss  this  point  more  fully,  when  we  shall  also  mention  the  vessels 
best  adapted  for  the  application  of  this  process  to  the  various  precipitates. 

After  having  washed  the  precipitate  repeatedly  with  fresh  quantities 
of  the  proper  fluid,  until  there  is  no  trace  of  a  dissolved  substance  to  be 
detected  in  the  last  rinsings,  it  is  placed  in  a  crucible  or  dish,  if  not 
already  in  a  vessel  of  that  description ;  the  fluid  still  adhering  to  it  is 
poured  off  as  far  as  practicable,  and  the  precipitate  is  then,  according  to 
its  nature,  either  simply  dried,  or  heated  to  redness. 

A  far  larger  amount  of  water  being  required  for  washing  precipitates 
by  decantation  than  on  filters,  the  former  process  can  be  expected  to 
yield  accurate  results  only  where  the  precipitates  are  absolutely  in- 
soluble.  For  the  same  reason,  decantation  is  not  ordinarily  resorted  to 
in  cases  where  we  have  to  determine  other  constituents  in  the  decanted 
fluid. 

The  decanted  fluid  must  be  allowed  to  stand  at  rest  from  twelve  to 
twenty-four  hours,  to  make  quite  sure  that  it  contains  no  particles  of 
the  precipitate ;  if,  after  the  lapse  of  this  time,  no  precipitate  is  visible, 
the  fluid  may  be  thrown  away ;  but  if  a  precipitate  has  subsided,  this 
had  better  be  estimated  by  itself,  and  the  weight  added  to  the  main 
amount;  the  precipitate  may,  in  such  cases,  be  separated  from  the 
B^ipematant  fluid  by  decantation,  or  by  filtration. 

§45. 
fi.  Sbpaeation  of  Precipitates  by  Filtration. 

This  operation  is  resorted  to  whenever  decantation  is  impracticable, 
and,  consequently,  in  the  great  majority  of  cases ;  provided  always  the 
,»recipitate  is  of  a  nature  to  admit  of  its  being  completely  freed,  by  mere 
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wasliing  on  the  filter,  from  all  foreign  substances.  Where  this  is  not 
the  case,  more  particularly,  therefore,  with  gelatinous  precipitates,  hy- 
drate of  alumina  for  instance,  a  combination  of  decantation  and  filtra- 
tion is  resorted  to  (§  48). 

•  aa.  Filtering  Apparatos. 


Filtration,  as  a  process  of  quantitative  analysis,  is  almost  excliudyely 
eflected  by  means  of  paper. 

Plain  circular  filters  are  most  generally  employed ;  plaited  filters  are 
only  occasionally  used.  Much  depends  upon  the  quality  of  the  paper. 
Good  filtering-paper  must  possess  the  three  following  properties: — 1. 
It  must  completely  retain  the  finest  precipitates ;  2.  It  must  filter  rap- 
idly ;  and  3.  It  must  be  as  free  as  possible  from  any  admixture  of  inor- 
ganic bodies,  but  more  especially  from  such  as  are  soluble  in  acid  or 
alkaline  fluids. 

It  is  a  matter  of  some  difficulty,  however,  to  procure  paper  fully  an- 
swering these  conditions.  The  Swedish  filtering  paper^  with  the  water- 
mark J.  H.  MuNKTELL,  is  Considered  the  best,  and,  consequently,  fetches 
the  highest  price ;  but  even  this  answers  only  the  first  two  conditions, 
being  by  no  means  sufficiently  pure  for  very  accurate  analyses,  since  it 
leaves  upon  incineration  about  0*3  per  cent,  of  ash,*  and  yields  to  acids 
perceptible  traces  of  lime,  magnesia,  and  sesquioxide  of  iron.  For  exact 
experiments  it  is,  consequently,  nece&^ry  first  to  extract  the  paper  with 
dilute  hydrochloric  acid,  then  to  wash  the  acid  completely  out  with 
water,  and  finally  to  dry  the  paper.  In  the  case  of  very  fine  filtering- 
pajier,  the  best  way  to  perform  this  operation  is  to  place  the  ready-cut  fil- 
ters, several  together,  in  a  funnel,  exactly  the  same  way  as  if  intended  for 
immediate  filtration ;  they  are  then  moistened  with  a  mixture  of  one  part 
of  ordinary  pure  hydrochloric  acid  with  two  parts  of  water,  which  is  al- 
lowed to  act  on  them  for  about  ten  minutes ;  after  this  all  traces 
of  the  acid  are  carefully  removed  by  washing  the  filters  in  the 
funnel  repeatedly  with  warm  water.  The  funnel  being  then  covered 
with  a  piece  of  i>aper,  turned  over  the  edges,  is  put  in  a  warm  place  un- 
til the  filters  are  dry.  Compare  the  instruction  given  in  the  "  QuaL 
Anal.,"  Am.  Ed.,  p.  8,  on  the  preparation  of  washed  filters.  Filter  paper 
containing  lead,  and  which  is  consequently  blackened  by  sulphuretted 
hydrogen,  should  be  rejected. 

Ready-cut  filtei*s  of  various  sizes  should  always  be  kept  on  band. 
Filters  are  either  cut  by  circular  patterns  of  pasteboard  or  tin,  or,  still 

better,  by  Mohb's  filter-patterns, 
fig.  32.  This  little  apparatus  ia 
made  of  tin-plate,  and  consists  of 
two  parts.  2?  is  a  quadrant  fit- 
ting in  ^1,  whose  straight  edges 
are  turned  up,  and  which  is  slight- 
ly smaller  than  B.  The  sheets  of 
filter-paper  are  first  cut  up  into 
squares,  which  are  folded  in  quar- 


Fig.  82. 


•  Plantamour  found  the  ash  of  Swedish  filtering  paper  to  consist  of  63*23  sili- 
cic acid,  12*83  lime,  6*21  magnesia,  2  94  alumina,  and  13*92  sesquioxide  of  inm, 
in  100  parts. 
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t«rB,  and  placed  iu  A ,  tlien  S  is  jilaiied  on  the  top,  and  the  free  edge 
of  till.-  paper  b  cut  off  with  sciisoi's.  Filters  cut  in  this  way  are  perfectly 
circular,  and  of  equal  size. 

Sevenil  pairs  of  these  patterns  of  various  sizes  (3,  4,  5,  6,  6'0,  and  8 
cm.  radius)  should  be  procured.  In  taking  a  filter  for  a  given  opera- 
tion, j'ou  should  always  choose  one  which,  after  the  fluid  haa  run 
through,  will  not  be  more  tlian  half  filled  with  the  precipitate. 

As  to  the  funnels,  they  should  be  inclined  at  the  angle  of  60°,  and 
Dot  bulge  at  the  aides.    Glass  is  the  moat  auitable  materul  for  them. 


^ 


-v^ 


s^ 


Fig.  sa 


The  filter  should  never  protrude  beyond  the  funnel.  It  should  oome 
up  to  one  or  two  lines  from  the  edge  of  the  latter. 

Tlifl  filter  is  firmly  pressed  into  the  funnel,  to  make  the  paper  fit  closely 
to  the  side  of  the  l^ter ;  it  is  then  moistened  with  water ;  any  extra  water 
is  not  poured  out,  but  allowed  to  drop  through. 

The  stands  shown  iu  figs.  33  and  34  complete  the  ^paratus  for  filter- 
ing. 

[The  stand  in  fig.  34  serves  at  once  as  support  for  the  Aunel  and 
coTer  for  the  receiving  vessel.  The  funnel  is  sustained  by  a  ring  of  wood 
of  such  height  that  only  the  neck  of  the  funnel  comes  below  the  shelf. 
The  shelf  is  10  cm.,  and  the  ring  15  cm.  thick.  The  opening  of  the  ring 
above  is  30  cm.] 

Tbe  stands  are  made  of  hard  wood.  The  arm  holding  the  funnel  or 
funnels  must  slide  easily  up  and  down,  and  be  fixable  by  the  screw. 
nie  holes  for  tbe  funnelsmust  he  cut  conically,to  keep  the  fiumels  steadily 
in  their  place. 

llieKfl  stands  are  very  convenient,  and  may  he  readily  moved  about 
without  interfering  with  the  operation. 
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§46. 

bb.   EULES   TO   BE   OBSERVED   IN  THE   PROCESS  OF   FlLT&ATION. 

In  the  case  of  curdy,  flocculent,  gelatinous,  or  crystalline  precipitatei 
there  is  no  danger  of  the  fluid  passing  tuibid  thi*ough  the  filter.  But 
with  fine  pulverulent  precipitates  it  is  generally  necessary^  and  always 
advisable^  to  let  the  precipitate  subside,  and  then  filter  the  supernatant 
liquid,  before  proceeding  to  place  the  precipitate  upon  the  filter.  We 
generally  proceed  in  this  way  also  with  other  kinds  of  precipitates,  espe- 
cally  witli  those  that  require  to  stand  long  before  they  completely  separate. 
Precipitates  which  have  been  thrown  down  hot,  are  most  properly  filtered 
off  before  cooling  (provided  always  there  be  no  objections  to  this  course), 
since  hot  fluids  run  through  the  filter  more  speedily  than  cold  ones.  Some 
precipitates  have  a  tendency  to  be  carried  through  the  filter  along  with  the 
fluid ;  this  may  be  prevented  in  some  instances  by  modifying  the  latter. 
Thus  sulphate  of  baryta,  when  filtered  from  an  aqueous  solution,  passes 
rather  easily  through  the  filter — the  addition  of  hydrochloric  acid  or 
chloride  of  ammonium  prevents  this  in  a  great  measure. 

If  the  operator  finds,  during  a  filtration,  that  the  filter  would  be  much 
more  than  half  filled  by  the  precipitate,  he  would  better  use  an  additional 
filter,  and  thus  distribute  the  precipitate  over  the  two  ;  for,  if  the  first 
were  too  full,  the  precipitate  could  not  be  properly  washed. 

The  fluid  ought  never  to  be  poured  directly  upon  the  filter,  but  always 
down  a  glass  rod,  and  the  lip  or  rim  of  the  vessel  from  which  the  fluid  is 
poured  should  always  be  slightly  greased  with  tallow.*  The  stream 
ought  invariably  to  be  directed  towards  the  sides  of  the  filter,  never  to 
the  centre,  since  this  might  occasion  loss  by  splashing.  In  cases  where 
the  fluid  has  to  be  filtered  off,  with  the  least  possible  disturbance  of  the 
precipitate,  the  glass  rod  must  not  be  placed,  during  the  intervals,  in  the 
vessel  containing  the  precipitate ;  but  it  may  conveniently  be  put  into 
a  clean  glass,  which  is  finally  rinsed  with  the  wash- water. 

The  filtrate  is  received  either  in  flasks,  beakers,  or  dishes,  according  to 
the  various  purposes  for  which  it  may  be  intended.  Strict  care  should  be 
taken  that  the  drops  of  fluid  filtering  through  glide  down  the  side  of  the 
receiving  vessel ;  they  should  never  be  allowed  to  fall  into  the  centre  of 
the  filtrate,  since  this  again  might  occasion  loss  by  splashing.  The  best 
method  is  that  shown  in  fig.  34,  viz.,  to  rest  the  point  of  the  funnel  against 
the  upper  part  of  the  inside  of  the  receiving  vessel. 

If  the  process  of  filtration  is  conducted  in  a  place  perfectly  free  from 
dust,  there  is  no  necessity  to  covt^r  the  funnel,  nor  the  vessel  receiving  the 
filtrate ;  however,  as  this  is  but  rarely  the  case,  it  is  generally  indispensable 
to  cover  both.  This  is  best  eft'ected  with  round  plates  of  sheet-glaas. 
The  plate  used  for  covering  the  recei>'ing  vessel  should  have  a  small 
U-shaped  piece  cut  out  of  its  edge,  large  enough  for  the  funnel-tube  to 
go  through.  The  effect  desired  may  be  produced  by  cautiously  chipping 
out  the  glass  bit  by  bit  with  the  aid  of  a  key.  Plates  perforated  in  the 
centre  are  worthless  as  regards  the  object  in  view. 

After  the  fluid  and  precipitate  have  been  transferred  to  the  filter,  and 
the  vessel  which  originally  contained  them  has  been  rinsed  repeatedly  witli 

*  The  tallow  may  be  kept  under  the  edge  of  the  work-table  at  a  convenient 
point,  where  it  will  adhere  by  a  little  pressure.  The  best  way  of  applying  th* 
tallow  to  the  lip  of  a  vessel  is  with  the  greased  finger. 
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wat(  r,  it  happens  generally  iliat  small  particles  of  the  precipitate  remaii 
adhering  to  the  vessel,  which  cannot  be  removed  with  the  glass  lod.  From 
beakers  or  dishes  these  particles  may  be  readily  removed  by  means  of  a 
feather  prepared  for  the  purpose  by  tearing  off  nearly  the  whole  of  the 
plumules,  leaving  only  a  small  piece  ^t  the  end  which  should  be  cut  per- 
fectly straight.  From  flasks,  minute  portions  of  heavy  precipitates  which 
are  not  adherent,  are  readily  removed  by  blowing  a  jet  of  water  into  the 
flask,  held  inverted  over  the  funnel  *;  this  is  effected  by  means  of  the 
washing-bottle  shown  in  fig.  36.  If  the  minute  adhering  pai-ticles.of  a 
precipitate  cannot  be  removed  by  mechanical  means,  solution  in  an 
appropriate  menstruum  must  be  resorted  to,  followed  by  re-precipitation. 
Bodies  for  which  we  possess  no  solvent,  such  as  sulphate  of  bfuyta,  for 
instance,  must  not  be  precipitated  in  flasks. 

§  47. 
cc.  Washing  op  Precipitates. 

After  having  transferred  the  precipitate  completely  to  the  filter,  we 
have  next  to  perform  the  operation  of  washing  ;  this  is  effected  by  means 
of  one  of  the  well-known  washing-bottles,  of  which  I  prefer  the  one 
represented  in  fig.  35  in  every  respect.  The  doubly  perforated  stoppem 
are  of  vulcanized  rubber. 


Fig.  85. 


Fig.  8«. 


Fig.  87. 


Care  must  always  be  taken  to  properly  regulate  the  jet,  as  too  impetu* 
ous  a  stream  of  water  might  occasion  loss  of  substance. 

In  cases  where  a  precipitate  has  to  be  washed  with  great  caution,  the 
apparatus  illustrated  in  ^g,  37  will  be  found  to  answer  very  well. 

The  construction  of  this  apparatus  requires  no  explanation.  When 
the  flask  is  inverted,  it  supplies  a  fine  continuous  jet  of  water. 

Precipitates  requiring  washing  with  water,  are  washed  most  expe- 
ditiously with  hot  water,  provided  always,  there  be  no  special  reason 
a^nst  its  use.  The  washing-bottle  shown  in  fig.  35  is  particularly  well 
adapted  for  this  purpose.  The  cork  which  is  fastened  to  the  neck  of  the 
flask  with  wire  serves  to  facilitate  holding  it. 

It  is  a  rule  in  washing  precipitates  not  to  add  fresh  wash-water  to  the 
filter  till  the  old  has  quite  run  through.  In  applying  the  jet  of  water  you 
liave  to  take  care  on  the  one  hand  that  the  upper  edge  of  the  filter  ifl 
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properly  washed,  and  on  the  other  hand  that  no  canals  are  formed  in  th« 
precipitate,  through  which  the  fluid  runs  ofif,  without  coming  in  contact 
with  the  whole  of  the  precipitate.  If  such  canals  have  formed  and  cannot 
be  broken  up  by  the  jet,  the  precipitate  must  be  stirred  cautiously  with  a 
small  platinum  knife  or  glass  rod. 

The  washing  may  be  considered  completed  when  all  soluble  matter  that 
is  to  be  removed  has  been  got  rid  of.  The  beginner  who  devotes  proper 
attention  to  the  completion  of  this  operation  shuns  one  of  the  rocks  which 
he  is  most  likely  to  encounter.  Wliether  the  precipitate  has  been  com- 
pletely washed  may  generally  be  ascertained  by  slowly  evaporating  a  drop 
of  the  last  washings  upon  a  platinum  knife,  and  observing  if  a  residue  ifl 
left.  But  in  cases  where  the  precipitate  is  not  altogether  insoluble  in 
water  (sulphate  of  strontia,  for  instance),  recourse  must  be  had  to  more 
special  tests,  which  we  shall  have  occasion  to  point  out  in  the  course  of 
the  work.  The  student  should  never  discontinue  the  washing  of  a  pre- 
tipitate  because  he  simply  imagines  it  is  finished — ^he  must  be  certain. 

§  48. 
y.  Separation  op  Precipitates  by  Decantation  and  Filtration 

COMBINED. 

In  the  case  of  precipitates  which,  from  their  gelatinous  nature,  or  from 
the  firm  adhesion  of  certain  coprecipitated  salts,  oppose  insuperable,  or,  at 
all  events,  considerable  obstacles  to  perfect  washing  on  the  filter,  the  fol- 
lowing method  is  resorted  to :  Let  the  precipitate  subside  as  far  as  prac- 
ticable, pour  the  nearly  clear  supernatant  liquid  on  the  filter,  stir  the  pre- 
cipitate up  with  the  washing  fluid  (in  certain  cases,  where  such  a  course 
is  indicated,  heat  to  boiling),  let  it  subside  again,  and  repeat  this  operar 
tion  until  the  precipitate  is  almost  thoroughly  washed.  Transfer  it  now 
to  the  filter,  and  complete  the  operation  with  the  washing-bottle  (see 
§  47).  This  method  is  highly  to  be  recommended ;  there  are  many  pre- 
cipitates that  can  be  thoroughly  washed  only  by  its  application. 

In  cases  where  it  is  not  intended  to  weigh  the  precipitate  washed  by 
decantation,  but  to  dissolve  it  again,  the  operation  of  washing  is  entirely 
completed  by  decantation,  and  the  precipitate  not  even  transferred  to  the 
filter.  The  re-solution  of  the  bulk  of  the  precipitate  being  effected  in  the 
vessel  containing  it,  the  filter  is  placed  over  the  latter,  and  the  solvent 
passed  through  it.  Although  the  termination  of  the  operation  of  washing 
may  be  usually  ascertained  by  testing  a  sample  of  the  washings  for  one  ox 
the  substances  originally  present  in  the  solution  which  has  to  be  removed 
(for  hydrochloric  acid,  for  instance,  with  nitrate  of  silver),  still  there  are 
cases  in  which  this  mode  of  proceeding  is  inapplicable.  In  such  cases,  and 
indeed  in  processes  of  washing  by  decantation  generally,  B  onsen's  method 
will  be  found  convenient — viz.,  to  continue  the  process  of  washing  until 
the  fluid  which  had  remained  in  the  beaker,  after  the  first  decantation, 
has  undergone  a  ten  thousand-fold  dilution.  To  effect  this,  measure 
with  a  slip  of  paper  the  height  from  the  bottom  of  this  beaker  to  the  sur- . 
face?  of  the  fluid  remaining  in  it,  together  with  the  precipitate,  after  the 
tii-st  decantation  ;  then  fill  the  beaker  with  water,  if  possible,  boiling,  and 
measure  the  entire  height  of  the  fluid ;  divide  the  length  of  the  second 
column  by  that  of  the  fii-st.  Go  through  the  same  process  each  time  you 
add  fresh  water,  and  always  multiply  the  quotient  found  with  the  number 
obtained  in  the  preceding  calculation,  until  you  reach  1 0000. 
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§  49. 
Further  Treatment  op  Precipitates. 

Before  proceeding  to  weigh  a  precipitate,  it  still  remains  to  convert  it 
into  a  form  of  accurately  known  composition.  This  is  done  either  by 
igniting  or  by  drying.  The  latter  proceeding  is  more  protracted  and 
tedious  than  the  former,  and  is,  moreover,  apt  to  give  less  accurate  results. 
The  process  of  drying  is,  therefore,  as  a  general  rule,  applied  only  to  pre- 
cipitates which  cannot  bear  exposure  to  a  red  heat  without  undergoing 
total  or  partial  volatilization ;  or  whose  residues  left  upon  ignition  have 
no  constant  composition ;  thus,  for  instance,  drying  is  resorted  to  in  the 
case  of  sulphide  of  mercury,  sulphide  of  arsenic,  and  other  metallic  sul- 
phides ;  and  also  in  the  case  of  cyanide  of  silver,  double  chloride  of 
platinum  and  potassium,  &c. 

But  whenever  the  nature  of  the  precipitate  {e.g.y  sulphate  of  bar3rtay 
sulphate  of  lead,  and  many  other  compounds)  leaves  the  operator  at 
liberty  to  choose  between  drying  and  heating  to  redness,  the  latter  pro- 
cess is  almost  invaiiably  prefened. 

§50. 
aa.  Drying  of  Precipitates, 

When  a  precipitate  has  been  collected,  washed,  and  dried  on  a  filter, 
minute  particles  of  it  adhere  so  firmly  to  the  paper  that  it  is  found 
impossible  to  remove  them.  The  weighing  of  dried  precipitates  in- 
volves, therefore,  in  all  accurate  analyses,  the  drying  and  weighing  of 
the  filter  also.  To  obtain  accurate  results,  it  is  necessary  to  dry  and 
weigh  the  filter  before  using  it ;  the  temperature  at  which  the  filter  is 
dried  must  be  the  same  as  that  to  which  it  is  intended  subsequently 
to  expose  the  precipitate.  Another  condition  is  that  the  filtering-paper 
must  not  contain  any  substance  liable  to  be  dissolved  by  the  flxiid  pass- 
ing through  it. 

The  drying  is  conducted  either  in  the  water-,  air-,  or  oil-bath,  accord- 
ing to  the  degree  of  heat  reqiiired.  The  weighing  is  performed  in  a 
closed  vessel,  mostly  between  two  clasped  watch-glasses  (fig.  20),  or  in  a 
platinum  crucible.  When  the  filter  appears  dry,  it  is  placed  between  the 
warm  watch-glasses,  or  in  the  warm  crucible,  allowed  to  cool  under  a 
hell-glass,  over  sulphuric  acid,  and  weighed.  The  reopened  crucible  or 
watch-glasses,  together  with  the  filter,  are  then  again  exposed  for  some 
time  to  the  required  degree  of  heat,  and,  after  cooling,  weighed  once 
more.  If  the  weight  doe^  not  difier  from  that  found  at  first,  the  filter 
may  be  considered  dry,  and  we  have  simply  to  note  the  collective  weight 
of  the  watch-glasses,  clasp,  and  filter,  or  of  the  crucible  and  filter. 

After  the  washing  of  the  precipitate  has  been  concluded  and  the  water 
allowed  to  run  off  as  far  as  possible,  the  filter  with  the  precipitate  is  taken 
off  the  funnel,  folded  up,  and  placed  upon  blotting-paper,  which  is  then 
kept  for  some  time  in  a  moderately  warm  place  protected  from  dust ;  it  is 
finally  put  into  one  of  the  watch-glasses,  or  into  the  uncovered  platinum 
crucible,  with  which  it  was  first  weighed,  and  exposed  to  the  appropriate 
degree  of  heat,  either  in  the  water-,  air-,  or  oil-bath.  When  it  is  judged 
that  the  precipitate  is  dry,  the  second  watch-glass,  or  the  lid  of  the  ci-ucible 
is  piil  on  (wifli  the  clasp  pushed  over  the  two  in  the  former  case),  and  thf 
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whole,  after  cooling  in  the  desiccator,  is  weighed.  The  filter  and  the 
pi-(»cii)itate  are  then  again  exposed,  in  the  same  way,  to  the  proper  drying 
temperature,  allowed  to  cool,  and  weighed  again,  the  same  process  being 
rejieated  until  the  weight  remains  constant  or  varies  only  to  the  extent 
of  a  few  deci-milligrammes.  By  subtracting  from  the  weight  found  the 
tare  of  the  crucible  or  watch-glasses  and  filter,  we  obtain  the  weight  of 
the  dry  precipitate.  [The  filter  must  not  be  dned  too  long,  as  it  slowly 
loses  weight,  and  even  oecomes  brown  from  decomposition  when  heated  to 
100°  for  days  together.] 

It  happens  sometimes  that  the  precipitate  nearly  fills  the  filter,  or  retains 
a  considerable  amount  of  water ;  or  sometimes  the  paper  is  so  thin  that  its 
removal  from  the  funnel  cannot  well  be  effected  without  tearing.  In  all 
such  cases,  the  best  way  is  to  let  the  filter  and  precipitate  get  nearly  dry 

in  the  funnel,  which  may  be  eflfected  rc^ilj 
by  covering  the  latter  with  a  piece  of  blotting- 
paper  *  to  keep  out  the  dust,  and  placing  it^ 
supported  on  a  broken  beaker  (fig.  38),  or 
some  other  vessel  of  the  kind,  on  the  stesun- 
apparatus  or   sand-bath,  or   stove,  or  on  s 

heated  iron  plate.     For  support  to  a  funnel 

Fig.  89.  Fig.  39.       while  drying  a  hollow  frustum  of  a  cone  open 

both  ends,  made  of  sheet  zinc  (fig.  39),  is  con- 
venient. Two  sizes  may  be  used,  10  cm.  and  12  cm.  high  respectively. 
The  lower  diameter  should  be  from  7  to  8,  the  upper  from  4  to  6  cul 

§61. 
hb.  Ignitian  of  Precipitates, 

In  this  process  it  is  necessary  to  bum  the  filter  and  subtract  the 
weight  of  the  filter  ash  from  the  total  weight  found. 

If  care  be  taken  to  make  the  filters  always  of  the  same  paper,  and  to  cut 
every  size  by  a  pattern,  the  quantity  of  ash  which  each  size  yields  upon 
incineration  may  be  rendily  determined.  It  is  necessary,  however,  to 
determine  separately  the  quantity  of  ash  left  by  ordinary  filters,  and  that 
left  bv  filters  which  have  been  washed  with  hvdrochloric  acid  and  water ; 
on  an  average  the  latter  leave  abo\it  half  as  much  ash  as  the  former.  To 
determine  the  filter  ash  take  ten  filters  (or  an  equal  weight  of  cuttings 
from  the  same  paper),  burn  them  in  an  obliquely-placed  platinum  crucible^ 
and  ignite  until  every  trace  of  carbon  is  consumed ;  then  weigh  the  ash, 
and  divide  the  amount  found  by  ten  ;  the  quotient  expresses,  with  suf- 
ficient precision,  the  average  quantity  of  ash  which  every  individual  filter 
leaves  upon  incineration. 

In  the  ignition  of  precipitates,  the  following  four  points  have  to  be 
more  particularly  regarded : 

1.  No  loss  of  substance  must  be  incurred  ; 

2.  The  ignited  precipitates  must  really  be  the  bodies  they  are  repre- 
sent^ to  be  in  the  calculation  of  the  results; 


*  Turned  down  over  the  rim.  Or  more  neatly  as  follows : — ^Wet  a  common  cut 
filter,  stretch  it  over  the  ground  top  of  the  funnel,  and  then  gently  tear  oflf  the 
superfluous  paper.  The  cover  thus  formed  continues  to  adhere  after  diyizig> 
some  f oroe. 
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3.  The  incineration  of  the  filtei-s  must  be  complete ; 

4.  The  crucibles  muat  not  be  attacked. 

The  following  two  methods  seem  to  me  the  simplest  and  most  appro- 
priate of  all  that  have  as  yet  been  proposed.  The  selection  of  either 
depends  upon  certain  circumstances,  which  I  shall  immediately  have  occsr 
sion  to  point  out.  But  no  matter  which  method  is  resorted  to,  the  pre- 
cipitate must  always  be  thoroughly  dried,  before  it  can  properly  be  exposed 
to  a  red  heat.  The  application  of  a  red  heat  to  moist  precipitates,  more 
particularly  to  such  as  are  very  light  and  loose  in  the  dry  state  (silicic 
acid,  for  instance),  involves  always  a  risk  of  loss  from  the  impetuously 
escaping  aqueous  vapors  canying  away  with  them  minute  particles  of  the 
substance.  Some  other  substances,  as  hydi'ate  of  alumina  or  hydrated 
tiesquioxide  of  iron,  for  instance,  form  small  hard  lumps ;  if  such  lumps 
are  ignited  while  still  moist  within  they  are  liable  to  fly  about  with  great 
violence.  The  best  method  of  drying  precipitates  as  a  preliminary  to 
ignition  is  as  described  in  §  50,  the  last  paragraph. 

Respecting  the  ignition,  the  degree  of  heat  to  be  applied  and  the  dura- 
tion of  the  process  must,  of  course,  depend  upon  the  nature  of  the  pre- 
cipitate and  upon  its  deportment  at  a  red  heat.  As  a  general  rule,  a 
moderate  red  heat,  applied  for  about  five  minutes,  is  found  sufficient  to 
effect  the  purpose ;  there  are,  however,  many  exceptions  to  this  rule 
which  will  be  indicated  wherever  they  occur. 

Whenever  the  choice  is  permitted  between  porcelain  and  platinum 
crucibles,  the  latter  are  always  preferred,  on  account  of  their  compamtive 
lightness  and  infrangibility,  and  because  they  are  more  readily  heated  to 
redness.  The  crucible  selected  should  always  be  of  sufficient  capacity,  as 
the  use  of  crucibles  deficient  in  size  involves  the  risk  of  loss  of  substance. 
The  proper  size,  in  most  cases,  is  4  cm.  in  height,  and  3*5  cm.  in  diameter. 
That  the  crucible  must  be  perfectly  clean,  both  inside  and  outside,  need 
hardly  be  mentioned.  The  analyist  should  acquire  the  habit  of  cleaning 
and  polishing  the  platinum  crucible  always  after  using  it.  This  should 
be  done  by  friction  with  moist  sea-sand  whose  grains  are  all  round  and 
do  not  scratch.  The  sand  is  rubbed  on  with  the  finger,  and  the  desired 
effect  is  produced  in  a  few  minutes.  The  adoption  of  this  habit  is 
attended  with  the  pleasure  of  always  working  with  a  bright  crucible  and 
the  profit  of  prolonging  its  existence.  This  mode  of  cleaning  is  all  the 
more  necessary,  when  one  ignites  over  gas-lamps,  since  at  this  high  tem- 
perature crucibles  soon  acquire  a  gray  coating,  which  arises  from  a  super- 
ficial loosening  of  the  platinum.  A  little  burnishing  with  sea-sand 
readily  removes  the  appearance  in  question,  without  causing  any  notable 
diminution  of  the  weight  of  the  crucible.  The  foregoing  remarks  on 
platinum  crucibles  refer  equally  to  those  of  iridium-platinum — which, 
by-the-by,  are  now  much  used,  and  very  highly  to  be  recommended — 
only  the  restoration  of  the  polish  is  somewhat  more  difficult  with  the 
latter,  on  account  of  the  greater  hardness  of  the  alloy.  If  there  are 
spots  on  the  platinum  or  iridium-platinum  crucibles,  which  cannot  be 
removed  by  the  sand  without  wearing  away  too  much  of  the  metai,  a 
little  bisulphate  of  potassa  is  frised  in  the  crucible,  the  fluid  mass  shaken 
about  inside,  allowed  to  cool,  and  the  crucible  finally  boiled  with  water. 
There  are  two  ways  of  cleaning  crucibles  soiled  outside ;  either  the  cruci- 
ble is  placed  in  a  larger  one,  and  the  interspace  filled  with  bisulphate  of 
potassa,  which  is  then  heated  to  fusion ;  or  the  crucible  is  placed  on  a 
platinum-wire  triangle,  heated  to  I'edness,  and  then  spiinkled  over  witb 
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powdered  bisulpHate  of  potassa.     Instead  of  the  bisalpliate  yon  may  um 
borax.     Never  forget  at  last  to  polish  the  crucible  with  sea-sand  again. 

When  the  crucible  is  clean,  it  is  placed  upon 
a  clean  platiuum-wire  triangle  (tig.  40),  ig- 
nited, allowed  to  cool  in  the  desiccator,  and 
weighed.  This  operation,  though  not  indi» 
pensable,  is  still  always  advisable,  that  the 
weighing  of  the  empty  and  the  filled  crucible 
may  be  performed  under  as  nearly  as  possible 
the  same  circumstances.  The  empty  crucible 
may  of  course  be  weighed  after  the  ignition  of 
Fig.  40.  the  precipitate ;  however,  it  is  preferable  in 

most  cases  to  weigh  it  before.  The  ignition  ie 
effected  with  a  Berzelius  spirit-lamp  or  a  gas-lamp,  or  else  in  a  muffle. 
Jn  igniting  reducible  substances  over  lamps,  the  analyst  must  always  be 
on  his  guard  against  the  contact  of  unconsumed  hydrocarbons  even  in 
covered  crucibles.  When  gas-lamps  are  used  there  is  especial  need  of 
caution  in  this  respect.  Beduction  will  be  avoided  if  the  flame  is  made 
no  larger  than  necessary,  if  the  crucible  is  supported  in  the  upper  park 
of  the  flame,  and  if,  when  the  crucible  is  in  a  slanting  position,  it  ii 
heated  from  behind. 

We  pass  on  now  to  the  description  of  the  special  methods. 

§  52. 
First  Method.     {Ignition  of  the  Precipitate  urith  the  FiUer,) 

This  method  is  resorted  to  in  cases  where  there  is  no  danger  of  a  re* 
duction  of  the  precipitate  by  the  action  of  the  carbon  of  the  filter.  The 
mode  of  proceeding  Ls  as  follows : — 

The  perfectly  dry  filter,  with  the  precipitate,  is  removed  from  the  fun- 
nel, and  its  sides  are  gathered  together  at  the  top,  so  that  the  precipitate 
lies  enclosed  as  in  a  small  bag.  The  filter  is  now  put  into  the  crucible, 
which  is  then  covered  and  heated  over  a  spirit-lamp  with  double  draught, 
or  over  gas  very  gently,  to  effect  the  slow  charring  of  the  filter ;  the  cover 
is  now  removed,  the  crucible  placed  obliquely,  and  a  stronger  degree  of 
heat  applied,  until  complete  incineration  of  the  filter  is  effected ;  the  iid, 
which  had  in  the  meantime  best  be  kept  on  a  porcelain  plate,  or  in  a 
porcelain  crucible,  is  put  on  again,  and  a  red  heat  applied  for  some  time 
longer,  if  needed ;  the  crucible  is  now  allowed  to  cool  a  little,  and  IB 
then,  while  still  hot,  though  no  longer  red  hot,*  taken  off  with  a  pair  of 
tongs  of  brass  or  polished  iron  {Rg,  41),  and  put  in  the  desiccator,  where 
it  Ls  left  to  cool ;  it  is  finally  weighed. 

The  combustion  of  the  carbon  of  the  filter  maybe  promoted,  in  cases 
where  it  proceeds  too  slowly,  by  pushing  the  non-consumed  particles, 
with  a  smoth  and  rathor  stout  ]»latiuum  wire,  within  the  focus  of  the 
strongest  action  of  the  heat  and  air.  And  the  operator  may  also  in* 
crease  the  draught  of  air  by  leaning  the  lid  of  the  crucible  against  the 
latter  in  the  manner  illustrated  in  fig.  42. 

It  will  occasionally  happen  that  particles  of  the  carbon  of  the  filter 


*  TakinjT  hold  of  a  red  7iot  cracible  with  brass  tongs  might  cause  the  tomu^ 
tion  of  black  rings  round  it. 


§63.] 
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obstinately  redst  incineratioii.  In  such  cases  the  operation  may  be  pro* 
moted  by  putting  a  small  lump  of  fused,  dry  nitrate  of  ammonia  into 
the  crucible,  placing  on  the  lid  and  applying  a  gentle  heat  at  £rst,  which 
is  gradually  increased.  However,  as  this  way  of  proceeding  is  apt  to  in* 
volve  some  loss  of  substance,  its  application  should  not  be  made  a  gene- 
ral rule. 


Fig.  41. 


Fig.  42. 


In  cases  where  the  bulk  of  the  precipitate  is  easily  detached  from  the 
filter,  the  preceding  method  is  occasionally  modified  in  this,  that  the 
precipitate  is  put  into  the  crucible,  and  the  filter,  with  the  still  adhe- 
ring particles,  folded  loosely  together,  and  laid  over  the  precipitate. 
In  other  respects,  the  operation  is  conducted  in  the  manner  above 
described. 


§53. 
Second  Method.     (Ignition  of  the  Precipitate  apart  from  the  Filter,) 

This  method  is  resorted  to  in  cases  where  a  reduction  of  the  precipi- 
tate from  the  action  of  the  carbon  of  the  filter  is  apprehended ;  and  also 
where  the  ignited  precipitate  is  required  for  further  examination,  which 
the  presence  of  the  filter  ash  might  embarrass.  It  may  be  employed 
also,  instead  of  the  first  method,  in  all  cases  where  the  precipitate  is 
easily  detached  from  the  filter.  The  mode  of  proceeding  is  as  fol- 
lows:— 

The  crucible  intended  to  receive  the  precipitate  is  placed  upon  a  sheet 
of  glazed  paper ;  the  perfectly  dry  filter  with  the  precipitate  is  taken 
»ut  of  the  funnel,  and  gently  pressed  together  over  the  paper,  to  detach 
the  precipitate  from  the  filter ;  the  precipitate  is  now  shaken  into  the 
crucible,  and  the  particles  still  adhering  to  the  filter  are  removed  from 
it,  as  far  as  practicable,  by  further  pressing  or  gentle  rubbing  together 
of  the  folded  filter,  and  are  then  also  transferred  to  the  crucible.  The 
filter  is  now  spread  open  upon  the  sheet  of  glazed  paper,  and  then  folded 
in  form  of  a  little  square  box,  enclosed  on  all  sides  by  the  parts  turned  up ; 
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any  minute  particles  of  the  precipitate  that  may  have  dropped  on  llie 
glared  paper  are  brushed  into  this  little  box,  with  the  aid  of  a  small 
feather ;  the  box  is  closed  again,  rolled  up,  and  one  eno  of  a  long  pi*- 
tiniun  wire  spii-ally  wound  round  it.  The  crucible  being  placed  on  or 
above  a  porcelain  plate,  the  little  roll  is  lighted,  and,  during  its  oombiu- 
tion,  held  over  the  crucible,  so  that  the  falling  particles  of  the  precipi- 
tate or  filter  ash  may  drop  into  it,  or,  at  least,  into  the  porcelain  plate. 
In  this  way,  and  by  occasionally  holding  the  little  roll  again  in  or 
against  the  flame,  the  incineration  of  the  filter  is  readily  and  safelj 
etfected.  When  the  operation  is  terminated,  a  slight  tap  will  suffice 
to  drop  the  ash  and  the  remaining  particles  of  the  precipitate  into 
the  crucible,  which  is  then  covered,  and  the  ignition  completed  as 
in  §  52.  Where  it  is  intended  to  keep  the  ash  separate  from 
the  precipitate,  it  is  made  to  drop  into  the  lid  of  the  crucible,  m 
which  case  it  is  better  to  ignite  the  crucible  with  the  principal  portion 
of  the  precipitate  first.  This  method  of  incinerating  the  filter,  devised 
by  BuNSEN,  is  preferable  to  the  method  formerly  in  use,  in  which  the 
filter,  freed,  as  far  as  practicable,  from  the  precipitate,  was  burnt  either 
whole  or  cut  up  into  little  bits  on  the  lid  of  the  crucible,  the  operation 
beiu;^  promoted  when  necessary  by  gently  pressing  the  still  unconsumed 
par-ticles  with  a  platinum  wire,  or  platinum  spatula,  against  the  red-hot 
lid.  No  matter  which  method  of  incineration  is  resoii/ed  to,  the  ope- 
ration must  always  be  conducted  in  a  spot  entirely  protected  from 
drauglits. 

C/CM'taiu  precipitates  suffer  some  essential  modification  in  their  pro> 
portios,  ill  their  solubility,  for  instance,  from  ignition.  In  cases  where 
a  portion  of  a  substance  of  the  kind  is  required,  after  the  weighing,  for 
some  other  pur])ose  with  which  the  effects  of  a  red  heat  would  interferei 
the  two  operations  of  drying  and  igniting  may  be  combined  in  the  fol- 
lowing way  : — The  precipitate  is  collected  on  a  filter  dried  at  100°;  itiB 
then  also  dried,  at  100°,  and  weighed  (§  50).  A  portion  of  the  dry  pre- 
cipitate is  put  into  a  tared  crucible,  and  its  exact  weight  ascertained; 
it  is  then  exposed  to  a  red  heat,  allowed  to  cool  in  the  usual  way,  and 
weighed  again ;  the  diminution  of  weight  which  it  has  undergone  is  cal- 
culated on  the  whole  amount  of  the  precipitate. 

§  53,  a. 
Bunsen's  Method  op  Rapid  Filtration.* 

A  precipitate  is  washed  either  by  filtration  or  by  decantation:  in 
the  former  case  the  portion  of  liquid  not  mechanically  retained  is  ml 
lowed  to  drain  from  the  precipitate ;  in  the  latter  it  is  separated  bjr 
simply  pouring  it  away,  the  foreign  substances  contained  in  the  preci- 
pitate being  then  removed  by  the  repeated  addition  of  some  waduog- 
fluid,  in  each  successive  portion  of  which  the  precipitate  is,  as  &r  as 
possible,  uniformly  suspended,  this  process  being  continued  ulitil  the 
amount  of  impurity  becomes  so  minute  that  its  presence  may  be  entirely 
disregarded. 

Supposing  V  to  represent  the  volume  of  the  moist  precipitate  remain- 
ing at  the  bottom  of  the  vessel  after  the  decantation,  or  upon  the  filtrate 
after  filtration,  V  the  volume  of  wash-water  employed  at  each  sncoe^' 

*  Aon.  dor  Chem.  uud  Pharm.,  vol.  '^Iviii.  p.  260  ;  Am.  Jour.  Sci,  xlviL  p.  82L 
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sive  decantation,  n  the  numBer  of  decantations,  and  _  the  firaction  eK 

a 

pressing  the  proportion  of  the  original  amount  of  impurity  still  remain- 
ing in  &e  precipitate  after  n  decantationB,  then 


(, 


'  'i"=i (1) 


Calling  W  the  total  Tolume  of  wash-water  resulting  from  n  decantations, 
then 

nV=W; (2) 

therefore 


(1  +^)  =«, 

\         nvJ 


or  W=nt;(V^— 1) (3) 

If  we  differentiate  W  with  respect  to  n  and  make  the  differential 
quotient  equal  to  0,  then  the  minimum  value  of  "W  becomes,  when 
n  =00, 

W=t?  nat.  log.  a (4) 

Precipitates  obtained  in  the  course  of  chemical  analysis  may  in  all 
cases  be  assumed  to  be  sufficiently  washed  when  the  impurity  retained 
by  them  amounts  to  no  more  than  the  tttuWit  V^^-  Making  therefore 
a  =  100000  and  v=  1,  it  results  from  equation  (4)  that  the  least 
quantity  of  fluid  required  in  order  to  remove  the  impurity  contained  in 
a  precipitate  to  the  i^^^^^^  part  amounts  to  eleven  and  a  half  times 
the  volume  occupied  by  the  precipitate  itself  in  the  liquid  in  which  it 
exists.  It  is  evident,  therefore,  that  the  amount  of  water  actually  ne- 
cessary to  wash  a  precipitate  the  more  nearly  approaches  this  minimum 
the  ofiener  we  decant,  and  the  smaller  the  quantity  of  washing- water 
we  employ  at  each  decantation. 

Since  some  of  the  principal  sources  of  error  in  analytical  work  con- 
sist in  the  incomplete  or  in  the  too  protracted  washing  of  precipitates,  it 
becomes  important  to  know  how  to  ascertain  the  progress  of  the  washing 
throughout  the  several  stages  of  the  process.  By  employing  the  same 
volume  of  water  at  each  successive  addition,  and  estimating  its  relation 
to  that  of  the  precipitate  remaining  at  the  bottom  of  the  vessel  or  upon 
the  filter,  we  can  find  from  the  Table  on  the  following  page,  calculated 
by  means  of  the  formula  above  given,  the  number  of  times  it  is  neces- 
sary to  decant  in  order  to  diminish  the  amount  of  impurity  in  the  pre- 
cipitate to  the  100^000,  Tjriinrj  Tnhns  ^^  nshni  P®^-  Column  I.  shows 
the  relation  between  the  volume  of  the  precipitate  and  the  washing- 
water  employed  for  each  successive  decantation,  column  II.  the  num- 
ber of  decantations  required  to  diminish  the  amount  of  impurity  to  the 
necessary  extent,  and  column  III.  the  total  volume  of  water  obtained 
fix>m  the  several  decantations. 

When  the  washing-process  is  performed  in  a  beaker,  the  n^lation  be- 
tween the  volume  of  the  precipitate  and  that  of  the  liquid  may  be  easily 
determined  by  holding  a  strip  of  paper  along  the  side  of  the  vessel  and 
marking  upon  it  the  respective  heights  of  the  precipitate  and  supernatant 
liquid ;  then  on  folding  the  portion  of  paper  lying  between  the  two  marks 
in  such  a  manner  that  each  fold  corresponds  to  the  height  occupied  by 
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the  precipitate,  the  number  of  folds  will  give  the  argument  in  column  L 
to  tm\  in  column  II.  the  number  of  deeantations  needed  to  wa^h  to  tha 
required  extent.  If  the  washing  l>e  conducted  as  in  the  ordinary  method 
of  filti-atiou,  fumiels  possessing  an  angle  of  60^  must  be  invariably  em* 
ployed,  and  the  capacities  of  the  various-sized  filters  once  for  all  dete^ 
mined  by  means  of  a  burette.  After  the  precipitate  has  been  brou^t 
upon  the  filter  and  allowed  to  drain,  it  is  mixed  as  thoroughly  as  possi- 
ble with  water  from  a  graduated  washing-flask.  Call  the  amount  of 
water  thus  necessary  to  fill  the  filter  0,  and  the  capacity  of  the  empty 

J  then  J- =  —•  in  column  I. ;   that  is,  the  argument  needed 

to  find  in  column  H.  the  number  of  times  it  is  necessary  to  refill  the  filter 
in  order  to  wash  the  precipitate  to  the  desired  extent. 
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I  by  for  prefer  using  this  Table  to  employing  the  method  generally  fol- 
lowed of  ascertaining  the  completion  of  the  washing-process  by  evaponh 
ting  a  quantity  of  the  filtrate  on  platinum-foil,  since  in  the  latter  case  it 
is  only  possible  to  obtain  an  infallible  proof  when  we  have  to  deal  with 
a  prticijntaty  possessing  an  extremely  high  degree  of  insolubility ;  if  tho 
precipitat<3  be  soluble  to  any  marked  extent,  the  result  is  completely 
illusory. 

In  the  process  of  filtration  as  hitherto  conducted,  the  time  required 
is  so  long  and  the  quantity  of  wash-water  needed  so  great  that  soma 
simplification  of  this  continually  recurring  operation  is  in  the  highest  de- 
gree desirable.  The  following  method,  which  depends  not  upon  the  remo- 
val of  the  impurity  by  simple  attenuation,  but  upon  its  displacement  hj 
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forcing  the  wash-water  through  the  precipitate,  appears  to  me  to  combine 
all  the  requisite  conditions  and  therefore  to  satisfy  the  need. 

The  rapidity  with  which  a  liquid  filters  depends,  ooeteria  paribus,  upon 
the  difference  which  exists  between  the  pressure  upon  its  upper  and  lower 
surfaces.  Supposing  the  filter  to  consist  of  a  solid  substance,  the 
pores  of  which  suffer  no  alteration  by  pressure  or  by  any  other  influence, 
then  the  volume  of  liquid  filtered  in  the  unit  of  time  is  nearly  propor« 
tional  to  the  difference  in  pressure :  this  is  clearly  shown  by  the  following 
experiments,  made  with  pure  water  and  a  filter  consisting  of  a  thin 
plate  of  artificial  pumice-stone.  The  thin  plate  of  pumice  was  hermeti- 
cally &stened  into  a  funnel  consisting  of  a  graduated  cylindrical  glass 
vessel,  the  lower  end  of  which  was  connected  with  a  large  thick  flask 
by  means  of  a  tightly  fitting  caoutchouc  cork.  The  pressure  in  the  flask 
was  then  reduced  by  rarefying  the  air  by  means  of  a  method  to  be 
described  upon  another  occasion  ;  and  for  each  difference  of  pressure  />, 
measured  by  a  mercury  column,  the  number  of  seconds  t  was  observed 
which  a  given  quantity  of  water  occupied  in  passing  through  the  filter. 
The  following  are  the  results : — 

I. 

pi. 

16-4 
15-4 
14-9 
15-6 

In  the  ordinary  process  of  filtration,  p  on  the  average  amoimts  to  no 
more  than  0-004  to  0-008  metre.  The  advantage  gained,  thei*efore,  is 
easily  perceived  when  we  can  succeed  by  some  simple,  practicable,  and 
easily  attainable  method  in  multiplying  this  difference  in  pressure  one  or 
two  hundred  times,  or,  say,  to  an  entire  atmosphere,  without  running  any 
risk  of  breaking  the  filter.  The  solution  of  this  problem  is  very  easy : 
an  ordinary  gk^  funnel  has  only  to  be  so  arranged  that  the  filter  can 
be  completely  adjusted  to  its  side  even  to  the  very  apex  of  the  cone. 
For  this  purpose  a  glass  funnel  is  chosen  possessing  an  angle  of  60^, 
or  as  nearly  60^  as  possible,  the  walls  of  which  must  be  completely 
free  firom  inequalities  of  every  description ;  and  into  it  is  placed  a  second 
funnel  made  of  exceedingly  thin  platinum-foil,  and  the  sides  of  which 
possess  exactly  the  same  inclination  as  those  of  the  glass  funnel.  An 
ordinary  paper  filter  is  then  introduced  into  this  compoimd  funnel  in  the 
usual  manner ;  when  carefully  moistened  and  so-  adjusted  that  no  air- 
bubbles  are  visible  between  it  and  the  glass,  this  filter,  when  filled  with 
a  liquid,  will  support  the  pressure  of  an  extra  atmosphere  without  ever 
breaking. 

The  platinum  funnel  is  easily  made  from  thin  platinum-foil  in  the 
following  manner : — In  the  carefrilly  chosen  glass  funnel  is  placed  ajoer- 
fecdy  accuraUHy  JUUng  filter  made  of  writing-paper ;  this  is  kept  in 
position  by  dropping  a  little  melted  sealing-wax  between  its  upper  edge 
and  the  glass ;  the  paper  is  next  saturated  with  oil  and  filled  with  liquid 
plaster  of  Paris,  and  before  the  mixture  solidifies  a  small  wooden  handle 
is  placed  in  the  centre.  After  an  hour  or  so  the  plaster  cone  with  the 
adhering  paper  filter  can  be  withdrawn  by  means  of  the  handle  from  the 
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funQel,  to  which  it  accurately  correspouds.  The  ptiper  ou  the  outud* 
of  the  cone  is  again  covered  with  oil,  and  tho  whole  carefully  uueiied 
into  liquid  planter  of  Paris  contained  in  a  small  crucible  4  or  5  oentimi, 
in  height.  After  the  mixture  has  solidified,  the  cone  may  be  easily  with- 
drawn ;  the  adhering  paper  filter  is  then  detached,  and  any  amall  pieca 
of  paper  still  remaining  removed  by  gently  rubbing  with  the  finger.  In 
thismamier  a  solid  cone  is  obtained  accurately  fitting  into  a  hollow  con^ 
and  of  which  the  angle  of  inclination  peribouy  oorreepondB  with  thatd 
the  glass  f  unneL 


Kfr.  48. 


Fig.  43, 1,  represents  the  cones.  By  their  help  the  small  platinum  fbfr 
nel  ia  made.  A  piece  of  platinum  (shown  thre&-finii4lu 
of  the  natural  size  in  fig.  44)*  is  cut  from  foilof  radt 
thickness  that  one  square  centimetre  weighs  about  0-151 
grm.,  and  from  the  centre  a  a  vertical  indsioti  is  jomi* 
by  the  scissors  to  the  edge  e  b  d.  The  small  piece  of 
foil  ia  next  rendered  pliable  by  being  heated  to  r  ' 
Fig.  44.  and  is  placed  upon  the  Bolid  cone  in  such  a  I 

■  Ilia  diameter  of  a  in  tbe  originiil  drawing  is  S'3  oentimetrM. 
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that  its  centre  a  touches  the  apex  of  the  latter ;  the  sides  a  h  d  are 
then  closely  pressed  upon  the  plaster,  and  the  remaining  portion  of 
the  platinum  wrapped  as  equally  and  as  closely  as  possible  around  the 
cone.  On  again  heating  the  foil  to  redness,  pressing  it  once  more 
upon  the  cone,  and  inserting  the  whole  into  the  hollow  cone,  and 
turning  it  round  once  or  twice  under  a  gentle  pressure,  the  proper 
shape  is  completed.  The  platinum  funnel,  which  should  not  allow  of 
the  transmission  of  light  through  its  extreme  point,  even  now  possesses 
such  stability  that  it  may  be  immediately  employed  for  any  purpose.  If 
desired,  it  may  be  made  still  stronger  by  soldering  down  the  overlap- 
ping portion  in  one  spot  only  to  the  upper  edge  of  the  foil  by  means  of 
a  grain  or  two  of  gold  and  borax ;  in  general,  however,  this  precaution 
is  unnecessary.  If  the  shape  has  in  any  degree  altered  during  this  latter 
process,  it  is  simply  necessary  to  drop  the  platinum  funnel  into  the  hol- 
low cone  and  then  to  insert  the  solid  cone,  when  by  one  or  two  turns 
of  the  latter  the  proper  form  may  be  immediately  restored.  The  plati- 
num funnel  is  placed  in  the  bottom  of  the  glass  funnel,  the  dry  paper 
filter  then  introduced  in  the  ordinary  manner,  moistened,  and  freed 
from  all  adhering  air-bubbles  by  pressure  with  the  finger.  A  filter  so 
arranged  and  in  perfect  contact  with  the  glass,  when  filled  with  a  liquid 
will  support  the  pressure  of  an  entire  atmosphere  without  the  least  dan- 
ger of  breaking ;  and  the  interspace  between  the  folds  of  the  platinum- 
foil  is  perfectly  sufficient  to  allow  of  the  passage  of  a  continuous  stream 
of  water. 

In  order  to  be  able  to  produce  the  additional  pressure  of  an  atmo- 
sphere, the  filtered  liquid  is  received  in  a  strong  glass  fiask  instead  of 
in  beskkers.*  This  fiask  is  closed  by  means  of  a  doubly  perforated 
caoutchouc  cork,  through  one  of  the  holes  of  which  the  neck  of  the  glass 
funnel  is  passed  to  a  depth  of  from  b  to  ^  centvmetres  {fig,  43,  k) ; 
through  the  other  is  fitted  a  narrow  tube  open  at  both  ends,  the  lower 
end  of  which  is  brought  exactly  to  the  level  of  the  lower  surface  of  the 
corky  to  the  other  is  adapted  the  caoutchouc  tube  connected  with  the 
apparatus  destined  to  produce  the  requisite  difierence  in  pressure :  this 
apparatus  will  be  described  immediately.  The  fiasks  are  placed  in  a 
metallic  or  porcelain  vessel,  in  the  conical  contraction  of  which  several 
strips  of  cloth  are  £Euitened.  This  method  of  supporting  the  fiask  has 
the  advantage  that,  in  one  and  the  same  vessel,  flasks  varying  in  size  from 
0*5  to  2*5  litres  stand  equally  well,  and  that  by  simply  laying  a  cloth  over 
the  mouth  of  the  vessel,  the  consequences  of  an  explosion  (which  through 
inexperience  or  carelessness  is  possible)  are  rendered  harmless. 

It  is  impossible  to  employ  any  of  the  air-pumps  at  present  in  \ise  to  create 
the  difference  in  pressure,  since  the  filtrate  not  unfrequently  contains  chlo- 
rine, sulphurous  acid,  hydric  sulphide,  and  other  substances  which  would 
act  injuriously  upon  the  metallic  portions  of  these  instruments.  I  there- 
fore employ  a  waier  air-pump  constructed  on  the  principle  of  Spkengel's 
mercury-pump,  and  which  appears  to  me  preferable  to  all  other  foi-ms  of 
air-pump  for  chemical  purposes,  since  it  effects  a  rarefaction  to  within  6 
or  12  millimetres  pressure  of  mercury. 

Fig.  43  shows  the  arrangement  of  this  pump.  On  opening  the  pinch* 
eock  a,  water  flows  from  the  tube  I  into  the  enlarged  glass  vessel  5,  and 


*  These  flasks  must  be  somewhat  thicker  than  those  ordinarily  used,  in  order 
to  prevent  the  possibility  of  their  giving  way  nnder  the  atmospheric  pressure. 
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thence  down  tHe  leaden  pipe  e.     This  pipe  has  a  diameter  of  aboat  h 
millims.,  and  extends  downward  to  a  depth  of  30  or  40  feet^  and  ends  is 
a  sewer  or  other  arrangement  serving  to  conrey  the  water  away.    The 
lower  end  of  the  tube  d  possesses  a  narrow  opening ;  it  is  hermetically 
sealed  into  the  wider  tube  by  and  reaches  nearly  to  the  bottom  of  the 
latter.     A  manometer  is  attached  to  the  upper  continuation  of  this  tube 
d   by  means   of  a  side  tube  at  c^ ;  at  (2*  is  attached  a  strong  thick 
caoutchouc  tube  possessing  an  internal  diameter  of  5  millims.  and  an 
external  diameter  of  12  millims. ;  this  leads  to  the  flask  which  is  to  be 
rendered  vacuous,  and  is  connected  with  it  by  means  of  the  short  nM> 
rowed  tube  k.     Between  the  air-pump  and  the  flask  is  placed  the  small 
thick  glass  vessel  y,  in   which,  when  one  washes  with  hot   water,  the 
st^^am  which  may  be  carried  over   is  condensed.     All   the  caoutchone 
joinings  are  made  with  veiy  thick  tubing,  the  internal  diameter  of 
which  amounts  to  about  5  millims.,  the  external  diameter  to  about  17 
millims.     The  entii'e  arrangement  is  screwed  down  upon  a  board  fastened 
to  the  wall,  in  such  a  manner  that  each  separate  piece  of  the  apparatoB 
is  held  by  a  single  listening  only,  in  order  to  prevent  the  tubes  being 
strained  and  broken  by  the  possible  warping  of  the  board.     On  releasing 
the  pinchcock  a,  water  flows  from  the  conduit  I  down  the  tube  c  to  a 
dei)th  of  more  than  30  feet,  carrying  with  it  the  air  which  it  suda 
through  the  small  opening  of  the  tube  d  in  the  form  of  a  continuous 
stream  of  bubbles.     No  advantage  is  gained  by  increasing  the  rapidi^ 
of  the  flow,  since  the  friction  exerled  by  the  water  upon  the  sides  of  the 
leaden  pipe  acts  directly  as  a  counter-pressure,  and  a  comparatively 
small  increase  in  the  rapidity  of  the  flow  is  accompanied  by  a  great  in- 
crease in  the  amount  of  this  friction.     Accordingly  at  fl'  is  a  second 
pinchcock,  by  which  the  stream  can  be  once  for  all  so  r^rulated  that,  on 
completely  opening  the  cock  a,  the  friction,  on  account  of  the  dimin-' 
ished  rate  of  flow,  is  rendered  suflSciently  small  to  allow  of  the  maxi- 
mum  degree  of  rarefaction.     Such  an  apparatus,  when  properly  r^jn- 
lated  once  for  all  by  means  of  the  cock  g,  exhausts  in  a  comparatively 
short  time  the  largest  vessels  to  within  a  pressure  of  mercury  equal  to 
the   tension  of  aqueous  vapor  at  the   temperature   possessed   by   the 
stream.*     Tlie  tension  exerted  by  the  water-stream  in  my  laboratory,  in 
which  six  of  these  pumps  are  used,  amounts  to  about  7  millims.  in  win- 
ter and  10  millims.  in  summer.     The  filtration  is  made  in  the  following 
manner :     The  flask  standing  in  the  metallic  or  porcelain  vessel  is  con- 
nected by  means  of  the  slightly  drawn-out  tube  k  with  the  caoutchouc 
tube  h  attached  to  the  pumj),  the  cock  a  having  been  pi-eviously  opened 
and  the  proi>erly  fitted  moistened  filter  filled  with  the  liquid  to  be  fil- 
tered.    As  usual,  the  clear  su[>eniatant  fluid  is  firat  poured  upon  the 
filter ;  in  a  moment  or  two  the  filti*ate  runs  through  in  a  continuous 
stream,  often  so  rapidly  that  one  must  hasten  to  keep  up  the  supply  of 
liquid,  since  it  is  advisable  to  maintain  the  filter  as  full  as  possible. 
After  the  precipitate  has  been  entirely  transferred,  the  filtrate  passes 
through  drop  by  drop,  and  the  manometer  not  un£i*equently  now  shows 
a  pressure  of  an  extra  atmosphere.     The  filter  may  be  filled   (in  fact 
this  is  to  be  recommended)  with  the  ]>recipitate  to  within  a  millimetre 


*  The  time  required  to  obtain  the  above  degree  of  exhaustion  in  a  flaak  of 
from  1  to  8  litres  capacity  ranges  from  six  to  ten  minutes  ;  the  quantity  of  watei 
necessary  amounts  to  about  40  or  50  litrea 
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of  its  edge,  since  the  precipitate,  in  consequence  of  the  high  pressiu'A  to 
which  it  is  subjected,  becomes  squeezed  into  a  thin  layer  broken  up  by 
innumerable  fissui-es.  As  soon  as  the  liquid  has  passed  through  nnd  the 
first  traces  of  this  breaking  up  become  evident,  the  precipitate  will  >Hi 
found  to  have  been  so  firmly  pressed  upon  the  paper,  that  on  cautiously 
pouring  water  over  it  it  remains  completely  undisturbed.  The  washing 
is  efiected  by  carefully  pouring  water  down  the  side  of  the  funnel  to 
within  a  centimetre  above  the  rim  of  the  filter:  the  washing  flask  for 
this  purpose  is  not  applicable  ;  the  water  must  be  poured  from  an  open 
vessel.  After  the  filter  has  in  this  manner  been  replenished  four  times 
with  water  and  allowed  to  drain  for  a  few  minutes,  it  will  be  found  to 
be  already  so  far  dried,  in  consequence  of  the  high  pressure  to  which  it 
has  been  subjected,  that  without  any  further  desiccation  it  may  be  with- 
drawn, together  with  the  precipitate,  from  the  funnel,  and  immediately 
ignited,  with  the  precautions  to  be  presently  given,  in  the  crucible. 

If  the  porosity  of  a  paper  filter  containing  a  precipitate  were  as  un- 
alterable as  that  of  a  pumice-stone  filter,  the  experiments  above  de- 
scribed would  show  that  the  times  required  for  filtration,  according  to 
tiie  old  method  on  the  one  hand,  and  the  new  one  on  the  other,  would 
be  inversely  proportional  to  the  difierence  in  pressure  in  each  case  ;  that 
is,  by  using  the  pump  under  the  full  pressure  of  about  740  millims.,  the 
time  needed  to  wash  a  precipitate,  occupying  by  the  old  process  an 
hour,  would  at  the  utmost  not  amount  to  more  than  30  seconds. 
In  using  such  pumice  filters*  to  drain  crystals  from  adhering  mother 
liquors,  or,  say,  to  wash  crystals  of  chromic  acid  by  means  of  concentra- 
ted sulphuric  acid  and  fuming  nitric  acid,  the  time  occupied  in  the  filtra- 
tion is  scarcely  longer  than  that  needed  to  pour  a  liquid  slowly  fi  om  one 
vessel  to  another.  In  filtering  by  means  of  paper,  the  precipitate  gra- 
dually closes  up  the  pores  of  the  filter,  and  accordingly  such  an  extra- 
ordinary acceleration  as  this  can  no  longer  be  expected.  But  the  fol- 
lowing examples  will  show  the  saving  of  time  and  labor  the  method 
efifects,  even  under  all  unfiEivorable  conditions.  For  these  experiments 
1  have  purposely  chosen  the  hydrated  chromium  sesquioxide,  since 
it  is  one  of  the  most  difiicult  of  precipitates  to  wa^  thoroughly. 
A  solution  of  chromium  chloride  was  prepared  by  acting  with  fuming 
hydrochloric  acid  upon  potassium  dichromate  ;  and  by  means  of  a  mea- 
suring-vessel, which  allowed  the  amount  of  chromium  to  be  estimated  to 
within  O'OOOl  grm.,  successive  portions  of  the  liquid  were  withdrawn, 
and  the  chromium  oxide  contained  in  them  precipitated  with  the  usual 
precautions  by  ammonia.  The  volume  of  Uquid,  the  quantity  of  am- 
monia employed,  the  time  occupied  in  boiling  and  in  permitting  the  pre- 
cipitate to  settle,  the  angle  of  inclination  possessed  by  the  funnel,  and 
the  size  of  the  filter  were  the  same  in  all  the  experiments.  All  the  pre- 
cipitates were  washed  with  hot  water,  and,  after  burning  the  filter,  igni- 
teKi  over  a  blast-lamp  for  a  few  minutes ;  in  weighing,  the  platinum 
crucible  was  tared  by  one  of  about  equal  weight,  and  the  position  of 
equilibrium  of  the  beam  determined  by  vibrations. 

I   first  attempted    to  filter  one   of   the  precipitates   in  the   oitli- 

nwy  way.     _X  amounted  to  2 ;  and  consequently,  from  the  table,  8*4 

V 

*  Am.  Jour.  Sci.,  xlvii  p.  886. 
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fresh  additions  of  water  were  I'equired  in  order  to  wash  the  predpitati 
to  the  TTriiru'  P^^*     "^^  times  required  were  as  follows :  — 

In  transferring  the  precipitate  from  the  beaker  )     40' 

and  allowing  it  to  drain J 

For  the  first  addition  of  water  to  run  through,        48 
«       second  «  «  70 

«      third  «  «  80 

Total  length  of  time 238 

At  this  point  the  experiment  was  discontinued,  as  the  filtrate  becamt 
turbid.     A  second  experiment  failed  from  the  same  cause. 

Accordingly  I  attempted  to  wash  the  precipitate  hy  decantation. 
The  volume  of  the  precipitate  amounted  to  about  30  cub.  oentiins. ; 
the  quantity  of  water  required  to  fill  the  beaker  was  seven  times  iha 

V 

volume  of  the  precipitate ;  hence  —  was  7,  and  the  requisite  number 

V 

of  decantations  to  reduce  the  amount  of  impurity  to  the  gi^l^^^  part  wai 
6"2.     The  times  observed  were  as  follows : — 

IT. 

For  the  first  decantation  to  run  through  the  filter. ...  15' 

«       second  «         "  «  12 

«       third  "         "  "  18 

«      fourth  "        "  "  16 

«      fifth  "        "  "  18 

In  transferring  the  precipitate  to  the  filter  ..........  30 

Time  required  in  washing 108 

"Weight  of  the  precipitate 0'2458  gnu. 

Volume  of  wash-water  n  V 1050  cub,  centims. 

HI. 

Experiment  repeated.     Number  of  decantations  7.     Other  dream- 
stances  the  same  as  in  the  foregoing  determination. 

Time  required  in  washing 140^ 

"Weight  of  the  precipitate 0'2452  grm. 

Volume  of  wash-water 1200  cub.  centims. 

IV. 

After  ten  decantations. 

Time  required  in  washing ISO' 

Weight  of  the  pi*ecipitate 0'2443  grm. 

Volume  of  wash-water 1750  cub.  centima. 

By  filtration  with  the  platinum  cone  and  the  pump  the  following 
results  were  obtained : — 

V. 

In  transferring  the  precipitate  to  the  filter  (17  cub.  centims. )     ^, 
water) ] 
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Per  the  first  addition  of  water  (25  cub.  cent.)  to  run  through,  2' 
"         second  "  «  «  3 

"         third  "  "  "  2 

"         fourth  "  <*  "2 

«         fifth  "  "  ««  2 

In  draining  the  precipitate 2 

Time  required 19 

Weight  of  precipitate 0*2435  grm. 

Volume  of  wash-water 142  cub.  centima. 

Pressure  of  manometer 0*576  metre. 

VI. 

In  transferring  the  precipitate  and  allowing  the  water  (18  cub.  oen- )  q, 

tims.)  to  loin  through ) 

For  the  first  addition  of  water  (25  cub.  cent.)  to  run  through 4 

"       second  "  "  "  "       5 

"       third  «  "  "  "       5 

"       fourth  "  "  "  "       5 

In  draining  the  precipitate 1 

Time  required 28 

"Weight  of  precipitate 0*2434  grm. 

Volume  of  wash-water 118  cub.  centima. 

Pressure 0*600  metre. 

VII. 

In  transferring  the  precipitate  and  allowing  the  water  (20  cub. )  ^/ 

centims.)  to  run  through ) 

For  the  first  addition  of  water  (25  cub.  cent.)  to  run  through. .....  3 

"       second  "  "  "  "       3 

«       third  "  "  "  "       3 

In  draining  the  precipitate 3 

Time  required 16 

Weight  of  precipitate. 0*2432  grm. 

Volume  of  wash-water 95  cub.  centims. 

Pressure 0*584  metre. 

VIIL 

In  transferring  with  25  cub.  centims.  of  water 8 

For  the  first  addition  of  25  cub.  centims.  to  run  through 5 

For  the  second  addition  of  25  cub.  centims.  to  run  through 5 

In  draining  the  precipitate 3 

Time  required 21 

Weight  of  precipitate 0*2435  grm. 

Volume  of  wash-water 72  cub.  centims. 

PressiiTO 0*593  metre. 
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IX. 

In  ti*ansferring  with  15  cub.  oentims.  of  water  and  allowing  it  to )  » 

run  through ) 

Eor  a  single  addition  to  run  through 3 

In  draining  the  precipitate 2 

Time  required 12 

Weight  of  precipitate 0'2439  grm. 

\olume  of  wash-water 41  cub.  centima. 

Pressure 0*672  metre. 

X. 

In  transferring  the  precipitate  with  13  cub.  centims.  of  water  .....  6 

For  a  single  addition  of  water  (26  cub.  cent.)  to  run  iliroiig}i 8 

In  draining  the  precipitate « 1 

Time   required 14 

Weight  of  precipitate 0*2439  grm. 

Volume  of  wash-water 39  cub.  oentiinB. 

Pressure 0*530  metre. 

In  washing,  by  means  of  decantation,  in  the  ordinary  manner,  tht 
amounts  of  chromium  sesquioxide  found  were  as  follows  :-^ 

grm. 
II.  0*2458,  after  5  decantations,  washed  to  the  »*1aii  part. 

III.  0*2452      «     7  "  «  ^j,^^  part. 

IV.  0*2443     «  10  "  «  loootoooo  part 

0*2451  mean. 
By  the  use  of  the  pump : — 

gnn. 
V.  0*2435,  after  5  additions  of  water. 

VI.  0*2434  "  4        «  « 

VII.  0*2432  "  3        «  « 

VIII.  0*2435  "  2        «  " 

IX.  0-2439  "  1  addition  of  water. 

X.  0*2439  «  1        "  « 


0*2436  mean. 

Hence  the  probable  amount  of  chromium  sesquioxide  contained  in  the 
solution,  according  to  the  experiments  with  the  pump,  was  0*2436  grm. : 
according  to  the  old  method  of  decantation  it  was  somewhat  higher, 
namely  0*2451  grm.  This  excess  of  1*5  milligramme  shows  that  the  adhe- 
sion of  the  soluble  matters  to  the  pi*ecipitate  and  to  the  filter  is,  in 
consequence  of  the  greater  pressure,  more  easily  overcome  in  the  new 
method  than  in  the  customary  process ;  it  follows,  therefore,  that  we  can 
obtain  a  more  complete  washing  by  the  new  method  than  by  the  old. 
The  old  process  of  decantation  required  108  minutes  and  1050  cub.  cen- 
tims. of  water  to  effect  a  washing  to  the  5^^^^  part ;  the  new,  on  the 
contrary,  only  12  to  14  minutes,  and  not  more  than  39  to  41  cub.  c^su* 
tims.  of  wash-water. 
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§  53,  b. 
Bunsen's  Method  of  Drying  and  Igniting  Precipitates. 

If  a  precipitate  be  heated  in  a  platinum  crucible  immediately  aftei 
filtration  by  the  older  process,  a  portion  will  inevitably  be  projected  out 
of  the  crucible.  Bitherto,  therefore,  it  has  been  necessary  to  dry  the  filtei 
and  precipitate  before  ignition.  Now  to  dry  a  quantity  of  hydrated 
chromium  sesquioxide  containing  0*2436  grm.  CrK)"  in  a  water-bath  at 
100°  C.  requires  at  least  five  hours;  and,  moreover,  bringing  the  dried 
precipitate  into  the  crucible,  burning  the  filter,  and  gradually  igniting 
the  mass  is  in  the  highest  degree  tedious  and  troublesome.  All  this  ex- 
penditure of  time  and  labor  may  be  saved  by  employing  the  new  method. 
By  its  means  a  precipitate  is  as  completely  cbried  upon  the  filter  in  from  1 
to  5  minutes  as  if  it  had  been  exposed  from  5  to  8  hours  in  a  drying-cham- 
ber ;  and  it  can  immediately,  filter  and  all,  be  thrown  into  a  platinum  or 
porcelain  crucible  and  ignited  without  the  slightest  fear  of  its  spurting. 
By  operating  in  the  following  manner  the  filter  bums  quietly  without 
flame  or  smoke  ;  this  phenomenon,  although  remarkable,  easily  admits  of 
an  explanation.  The  portion  of  filter-paper  free  from  precipitate  is 
tightly  wrapped  round  the  remainder  of  the  filter  in  such  a  manner  that 
the  precipitate  is  enveloped  in  from  four  to  six  folds  of  clean  paper. 
The  whole  is  then  dropped  into  the  platinum  or  porcelain  crucible  lying 
obliquely  upon  a  triangle  over  the  lamp,  and  pushed  down  against  its 
sides  with  the  finger.  The  cover  is  then  supported  against  the  mouth 
of  the  crucible  in  the  ordinary  way,  and  the  ignition  commenced  by 
heating  the  portion  of  the  crucible  in  contact  with  the  cover.  When 
the  flame  has  the  proper  size  and  position,  the  filter  carbonizes  quietly 
without  any  appearance  of  flame  or  considerable  amount  of  smoke. 
When  the  carbonization  proceeds  too  slowly,  the  flame  is  moved  a  little 
toward  the  bottom  of  the  crucible.  After  some  time  the  precipitate 
appears  to  be  surrounded  only  by  an  extremely  thin  envelope  of  carbon, 
possessing  exactly  the  form  (of  course  diminished  in  size)  of  the  original 
filter;  the  flame  is  then  increased,  and  the  crucible  maintained  at  a 
bright-red  heat  until  the  carbon  contained  in  this  envelope  is  consumed. 
The  combustion  proceeds  so  quietly  that  the  resulting  ash  surroimding 
the  precipitate  possesses,  even  to  the  smallest  fold,  the  exact  form  of 
the  original  filter.  If  the  ash  shows  here  and  there  a  dark  color,  it  is  sim- 
ply necessary  to  heat  the  crucible  over  a  blast-lamp  for  a  few  minutes 
to  effect  the  complete  removal  of  the  trace  of  carbon.  This  method  of 
bujming  a  filter  is  extremely  convenient  and  accurate ;  it  is  only  necessa- 
ry to  give  a  little  attention  at  first  to  the  slow  carbonization  of  the  paper, 
after  which  the  further  progress  of  the  operation  may  be  left  to  itself 

Crelatinous,  finely  divided,  granular,  and  crystalline  precipitates,  such 
as  alumina,  calcium  oxalate,  barium  sulphate,  silica,  magnesium  ammo- 
nium phosphate,  dec.,  may  with  equal  facility  be  treated  in  this  manner ; 
so  that  even  in  this  particular  the  work,  in  comparison  with  the  method 
generally  ailopted,  is  considerably  shortened  and  simplified. 

§  53,  c. 

Advantages  or  Bunsen's  New  Method. 

From  the  above  experiments  it  appears  that  the  time  necessary  to 
filter  and  dry  a  quantity  of  chromium  sesquioxyd,  hitherto  requiring 
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about.  7  hours,  is  reduced  by  the  new  method  to  13  minutes.  This  say- 
ing of  time  is,  moreover,  proportionately  greater  in  the  case  of  precipi- 
tates more  easily  filtered  than  hydrated  chromium  sesquiozide.  Parti* 
cularly  is  this  so  in  separating  a  finely  suspended  precipitate  from  t 
large  volume  of  water.  Under  these  circumstances  the  clear  fluid  miu 
through  the  filter  in  a  continuous  stream,  so  rapidly  that  it  is  scaroelj 
possible  to  maintain  the  supply ;  the  entire  operation,  in  &ct,  requires 
scarcely  more  time  than  that  necessary  to  pour  a  liquid  from  one  vessel 
to  another.  Filtration,  therefore,  may  be  effected  as  quickly  through  the 
smallest  as  through  the  largest  filter.  Moreover,  the  exceedingly  small 
amount  of  water  I'equired  to  wash  a  precipitate  completely  renders  imne- 
oessary  the  tedious  evaporations  which  by  the  older  me^od  are  almost 
inevitable  when  the  filtrate  is  needed  for  a  further  separation.  Thus 
the  introduction  of  impurities  from  the  action  of  the  liquid  upon  the 
dish  in  the  course  of  evaporation  is  prevented ;  and  also  the  loss  due  to 
the  slight  solubility  of  the  greater  number  of  precipitates  in  the  wash- 
water  is  reduced  to  a  minimum.  Supposing  we  had  to  analyze  an  alka- 
line chromate  in  which  the  quantity  of  chromic  acid  is  equivalent  to 
0*2436  grm.  chromic  sesquioxide,  as  in  the  above  described  experi- 
ments, then  to  determine  the  proportion  of  alkali,  we  should,  by  uang 
the  older  method,  require  the  preliminary  evaporation  of  about  1050 
cub.  centims.  of  liquid  ;  by  the  new  method  the  evaporation  of  40  cub, 
centims.  only  is  necessary.  Now  by  employing  the  water-bath,  with 
constant  water-level,  it  is  possible,  under  favorable  circumstances,  to 
evaporate  in  a  porcelain  dish  1  cub.  centim.  of  water  in  27  seconds. 
Conseciuently  the  evaporation  of  the  filtrate  obtained  by  the  older 
method  would  occupy  about  eight  hours,  whilst  by  the  new  18  minutes 
only  are  required.  The  total  length  of  time  needed  to  filter  the  chro- 
mium sesquioxide,  wash  and  dry  the  precipitate,  and  evaporate  the 
filtrate  is  reduced,  therefore,  from  14  or  15  hours  to  about  32  minutes. 

Experience  has  shown  that,  on  the  average,  three  or  four  analyses  can 
now  be  made  in  the  time  formerly  demanded  by  a  single  one. 

Another  and  an  inestimable  advantage  springs  from  the  peculiar  con- 
dition of  a  precipitate  filtered  by  this  method.  It  not  unfrequently 
happens,  even  in  the  hands  of  experienced  manipulators,  in  conse- 
quence of  the  agitation  it  is  necessary  to  give  to  the  contents  of  the 
filter  to  effect  their  complete  washing,  that  the  surface  of  the  filter  be- 
comes injured  and  torn  so  that  the  precipitate  becomes  mixed  with  fila- 
ments of  paper  ;  this  is  particularly  the  case  in  using  hot  water.  Suppos- 
ing the  precipitate  to  consist  of  mixed  hydrates  of  the  sesquioxides  (for 
example,  iron  and  alumina),  it  will  be  found  on  redissolving  in  an  acid, 
that  the  filaments,  like  tartaric  acid,  prevent  the  complete  separation 
of  these  substances  by  subsequent  precipitation  ;  thus  the  alumina  will 
contain  iron,  and  on  precipitation  by  means  of  ammonium  sulphide  will 
be  colored  black.  On  the  other  hand,  by  employing  the  new  method 
the  precipitate  coheres  so  firmly  that  the  introduction  of  this  source  of 
error  is  impossible,  even  by  using  common  gray  filter-paper.  The  moat 
gelatinous  precipitates,  as  hydnited  ferric  oxide,  alumina,  &c.,  adhere  to 
the  filter  in  a  thin  coherent  layer,  and  may  be  removed,  piece  after 
piece,  so  comi)letely  tliat  the  paper  remains  perfectly  clean  and  white. 
The  advantage  thus  gained  where  it  is  necessary  to  transfer  mixed  pre- 
ci])itates  to  another  vessel  in  order  to  effect  their  subsequent  separation 
is  evident. 
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Since  the  bulk  of  the  moist  precipitates,  particularly  that  of  the  more 
gelatinous,  is  so  much  {liminiBhed  under  the  bi);h  pressure,  the  precipi- 
tate only  occupying  one-third  to  one-sixth  of  ita  bulk  under  ordinary 
circumstances,  a  filter  of  one-third  to  one-sixth  of  the  size  usually  em- 
ployed may  be  taken,  and  thus  the  amount  of  ash  proportionately  lev- 
nened. 

§  53,  d. 

BoKSSN'b   BlJfPLIFIED   EXHAtTSTINO  APFABATUS. 

It  is  not  necessary  to  use  a  pump  as  powerful  as  that  described,  dnoa 
a  fall  of  10  or  15  feet  is  sufficient  to  filter  a  precipitate  according  to  th« 
above  described  method,  and  so  far  to  dry  it 
that  it  can  be  immediately  ignited  in  the  cru- 
cible. The  simple  arrangement  represented  in 
fig.  45  answers  this  purpose.  It  consists  of  two 
equal-sized  bottles,  a  and  a',  of  from  2  to  4 
litres  capacity,  each  of  which  is  provided  near 
the  bottom  with  a  small  stopcock  designed  to 
regulate  the  flow  of  water.  Suppose  a  filled 
with  water  and  placed  upon  a  shelf  as  high 
above  the  ground  as  possible,  and  a'  placed 
empty  on  the  floor,  and  the  two  stopcocks  con- 
nected by  means  of  caoutchouc  tubing  c,  then 
on  allowing  water  to  flow  down  the  tube  the 
air  in  the  upper  bottle  becomes  somewhat 
rarefied ;  and  in  order  tt>  employ  the  conse- 
quent difference  in  prefiure  (amounting  to  a 
column  of  merouiy  about  0-2  meti-e  in  height) 
for  the  purpose  of  filtration,  it  is  only  neces- 
sary to  connect  the  mouth  of  the  upper  bottle 
with  the  tube  of  the  filtei^flask.  When  the 
wat«r  has  ceased  to  flow,  the  position  of  the 
bottle  ia  reversed,  when  the  operation  recom- 
mences. So  small  a  pressure  as  0*2  metre 
suffices  to  render  the  filter  and  its  cont«nts  so 
far  dry  that  they  may  be  immediately  with- 
drawn from  the  funnel  and  ignited  without  any 
other  preliminary  desiccation.  The  following 
experiment,  made  with  a  portion  of  the  same 
solution  of  chromium  used  in  the  former  deter- 
minations, will  serve  to  show  the  saving  of 
time  effected  by  this  simple  arrangement : — 

XI. 

Transferring  the   precipitate    with    14 ) 

cub.  centims.  of  water 

For  a  single  addition  of  26  cub.  centi 

of  wash-water  to  run  through. . . 
To  drain  the  precipitate 4 

Time  tequired  in  washing 
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Weight  uf  the  precipitate 0*2435  gnn. 

Volume  of  wash- water 40  cub.  centims. 

Pressure  in  manometer 0*184  metre. 

This  amount  of  chromium  sesquioxidc  (0*2435  grm.)  differs  from  thfl 
mean  of  the  former  experiments  (0*2436  grm.)  by  one-tenth  of  a  milli- 
gramme only,  and  shows  that  even  by  a  pressure  of  0*184  metre  the  wash- 
ing is  as  complete  by  the  single  addition  of  26  cub.  centims.  of  water. 
The  duration  of  the  filtering  process  in  the  former  experiments  ranged 
from  12  to  14  minutes  under  a  difference  of  pressure  amounting  to  from 
0*53  to  0*572  metre ;  in  the  last  experiment  it  requii-ed  25  miniit«f 
under  a  pi-essure  of  0*184  metre,  or  about  double  the  length  of  time. 
The  time  needed  to  analyze  potassium  chromate  in  the  former  case  wia 
reduced  from  14  hours  to  32  minutes;  by  the  latter  method  the  rediuy 
tion  would  be  from  14  hours  to  44  minutes. 

§  54. 
5.  Analysis  bt  Measure  (Yolumetrio  Analysis). 

The  principle  of  volumetric  analysis  has  been  explained  already  in  fht 
"  Introduction,"  where  we  have  seen  how  the  quantity  of  protoxide  of 
iron  present  in  a  fluid  may  be  determined  by  means  of  a  solution  of 
permanganate  of  potassa,  the  value  of  which  has  been  previously  aseer^ 
tained  by  observing  the  quantity  required  to  oxidize  a  known  amount 
of  protoxide  of  iron. 

In  order  to  make  the  matter  as  clear  as  possible  I  will  here  adduce  a 
few  more  examples. 

Suppose  we  have  prepared  a  solution  of  chloride  of  sodium  of  such  a 
strength  that  100  c.  c.  will  exactly  precipitate  1  grm.  silver  from  iti 
solution  in  nitric  acid,  we  can  use  it  to  estimate  unknown  quantities  of 
silver.  Let  us  imagine,  for  instance,  we  have  an  alloy  of  silver  and 
copper  in  unknown  proportion,  we  dissolve  1  grm.  in  nitric  acid,  and 
add  to  the  solution  our  solution  of  chloride  of  sodium,  drop  by  drop, 
until  the  whole  of  the  silver  is  thrown  down,  and  an  additional  drop 
fails  to  produce  a  further  precipitate.  The  amount  of  silver  present 
may  now  be  calculated  from  the  amount  of  solution  of  chloride  of 
sodium  used.  Thus,  supposing  we  have  used  80  c.  c,  the  amount  o£ 
silver  present  in  the  alloy  is  80  per  cent. ;  since,  as  100  c.  c.  of  the  sohh 
tion  of  chloride  of  sodium  will  throw  down  1  grm.  of  pure  silver  (ml 
of  100  per  cent.),  it  follows  that  every  c.  c.  of  the  chloride  of  sodium 
solution  corresponds  to  1  per  cent,  of  silver. 

Another  example.  It  is  well  known  that  iodine  and  sulphuretted  hydro* 
gen  cannot  exist  together :  whenever  these  two  substances  are  brought 
in  contact,  decomposition  immediately  ensues,  the  hydrogen  separaUng 
from  the  sulphur  and  combining  with  the  iodine  (1  -f  HS  =  HI  -4-  S). 
Hydriodic  acid  exercises  no  action  on  starch-paste,  whereas  the  least 
tiiice  of  fi*ee  iodine  colors  it  blue.  Now,  if  we  prepare  a  solution  of 
iodine  (in  iodide  of  potassium)  containing  in  100  c.  c.  0*7470  grm.  iodine^ 
we  may  with  this  decompose  exactly  0*1  grm.  sulphuretted  hydrogen, 
for  17  :  127  : :  0*1  :  0*7470.  Let  us  suppose,  then,  we  have  before  us  a 
fluid  containing  an  unknown  amount  of  sulphuretted  hydrogen,  which 
it  is  our  intention  to  determine.  We  add  to  it  a  little  sturch-paste,  and 
then,  di-op  by  drop,  our  solution  of  iodine,  until  a  persistent  blue  oolo 
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ration  of  the  fluid  indicates  the  formation  of  iodide  of  Btarcli,  and  hence 
the  complete  decomposition  of  the  sulphuretted  hydrogen.  The  amouut 
of  the  latter  originally  present  in  the  fluid  may  now  he  readily  calculated 
from  the  amount  of  solution  of  iodine  used.  Say,  for  instance,  we  have 
used  50  c.  c.  of  iodine  solution,  the  fluid  contamed  originally  0''Jb  sul- 
phuretted hydrogen;  since,  as  we  have  seen,  100  c.  c.  of  our  iodine 
solution  will  decompose  exactly  0*1  grm.  of  that  body. 

Solutions  of  accurately  known  composition  or  strength,  used  for  the 
purposes  of  volumetric  analysis,  are  called  standard  solution  a.  They 
may  be  prepared  in  two  ways,  viz.,  (a)  by  dissolving  a  weighed  quantity 
of  a  substance  in  a  definite  volume  of  fluid ;  or  (5),  by  first  preparing  a 
suitably  concentrated  solution  of  the  reagent  required,  and  then  deter- 
mining its  exact  strength  by  a  series  of  experiments  made  with  it  upon 
weighed  quantities  of  the  body  for  the  determination  of  which  it  is  in- 
tended to  be  used. 

In  the  preparation  of  standard  solutions  by  method  a,  a  certain  defi- 
nite strength  is  adopted  once  for  all,  which  is  usually  based  upon  the 
principle  of  an  exact  correspondence  between  the  number  of  grammes 
of  the  reagent  contained  in  a  litre  of  the  fluid,  and  the  equivalent  num- 
ber of  the  reagent  (H=l).  In  the  case  of  standard  solutions  pi*epared 
by  method  6,  this  may  also  be  easily  done,  by  diluting  to  the  required 
degree  the  still  somewhat  too  concentrated  solution,  after  having  accu- 
rately determined  its  strength ;  however,  as  a  rule,  this  latter  process  is 
only  resorted  to  in  technical  analyses,  where  it  is  desirable  to  avoid  all 
calculation.  Fluids  which  contain  the  eq.  numl)er  of  grammes  of  a  sub- 
stance in  one  litre,  are  called  normal  solutions^  those  which  contain  -^ 
of  this  quantity,  dednormal  soltUions. 

The  determination  of  a  standard  solution  intended  to  be  used  for  vol- 
nmetric  analysis  is  obviously  a  most  important  operation ;  since  any 
error  in  this  will,  of  course,  necessarily  falafj  every  analysis  made  with 
it.  In  scientific  and  accurate  researches  it  is,  therefore,  always  advisa- 
ble, whenever  practicable,  to  examine  the  standard  solution — no  matter 
whether  prepared  by  method  a,  or  by  method  5,  with  subsequent  dilu- 
iion  to  the  required  degree — ^by  experimenting  with  it  upon  accurately 
weighed  quantities  of  the  body  for  the  determination  of  which  it  is  to 
be  used. 

In  the  previous  remarks  I  have  made  no  diflerence  between  fluids  of 
known  composition  and  those  of  known  power ;  and  this  has  hitherto 
been  usuaL  But  by  accepting  the  two  expressions  as  synonymous,  we 
take  for  granted  that  a  fluid  exercises  a  chemical  action  exactly  corre- 
sponding to  the  amount  of  dissolved  substance  it  contain^ — that,  for  in- 
stance, a  solution  of  chloride  of  sodium  containing  1  eq.  Na  CI  will  pre- 
cipitate exactly  1  eq.  silver.  This  presumption,  however,  is  very  often 
not  absolutely  corr^,  as  will  be  shown  with  reference  to  this  very  ex- 
ample, §  115,  6,  5.  In  such  cases,  of  course,  it  is  not  merely  advisable, 
but  even  absolutely  necessary,  to  determine  the  strength  of  the  fluid 
by  experiment,  although  the  amount  of  the  reagent  it  contains  may 
be  exactly  known,  for  the  power  of  the  fluid  can  be  inferred  from  its 
composition  only  approximately  and  not  with  perfect  exactness.  If  a 
standard  solution  keeps  imaltered,  this  is  a  great  advantage,  as  it  dis- 
penses with  the  necessity  of  determining  its  strength  before  every  fi*esh 
analysia. 

Tkat  particular  change  in  the  fluid  operated  upon  by  means  of  a 
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Htaodard  solution  which  marks  the  completion  of  the  intended  decom- 
position, is  termed  the  final  reaction.  This  consists  either  in  a 
change  of  coloVy  as  is  the  case  when  a  solution  of  permanganate  of 
potassa  acts  upon  an  acidified  solution  of  protoxide  of  iron,  or  a  solu- 
tion of  iodine  upon  a  solution  of  sulphui-etted  hydrogen  mixed  with 
starch  paste ;  or  in  the  cessation  of  the  formation  of  a  precipitate  upon 
further  addition  of  the  standard  solution,  as  is  the  case  when  a  stuid- 
ard  solution  of  chloride  of  sodium  is  used  to  precipitate  silver  from 
its  solution  in  nitnc  acid  ;  or  in  incipient  precipitation^  as  is  the  case 
when  a  standard  solution  of  silver  is  added  to  a  solution  of  hydrocyanic 
acid  mixed  with  an  alkali ;  or  in  a  change  in  the  action  of  the  examined 
fluid  upon  a  particular  reagent^  as  is  the  case  when  a  sohition  of  arsen- 
ite  of  soda  is  added,  drop  hy  drop,  to  a  solution  of  chloride  of  lime, 
until  the  mixture  no  longer  imparts  a  blue  tint  to  paper  moistened  witJi 
iodide  of  potassium  and  starch-paste,  (S:c. 

Ilie  more  sensitive  a  final  reaction  is,  and  the  more  readily,  posi- 
tively, and  rapidly  it  manifests  itself,  the  better  is  it  calciilated  to  senre 
as  the  basis  of  a  voliunetric  method.  In  cases  where  it  is  au  object  of 
great  importance  to  ascertain  with  the  greatest  practicable  precision  the 
exact  moment  when  the  reaction  is  completed,  the  analyst  may  some- 
timos  prepare,  besides  the  actual  standard  solution,  another,  ten  timet 
more  dilute,  and  use  the  latter  to  finish  the  process,  carried  nearly  to 
completion  with  the  former. 

But  a  good  final  reaction  is  not  of  itself  sufficient  to  afford  a  safe  basis 
for  a  good  volumetric  method  ;  this  requires,  as  the  first  and  most  in- 
dispensable condition,  that  the  particular  decomposition  which  consti- 
tutes the  leading  point  of  the  analytical  process  ^ould — at  leajst  under 
certain  known  circumstances — remain  unalterably  the  same.  Wherever 
this  is  not  the  case — where  the  action  varies  with  the  greater  or  less 
degree  of  concentration  of  the  fluid,  or  according  as  there  may  be  a  little 
more  or  less  free  acid  present ;  or  according  to  the  greater  or  less  rapid- 
ity of  action  /)f  the  standard  solution ;  or  where  a  precipitate  formed  in 
the  coxirse  of  the  process  has  not  the  same  composition  throughout  the 
operation — the  basis  of  the  volumetric  method  is  fallacicuS|  and  the 
mei  hod  itself,  therefore,  of  no  value. 


SECTION   II. 

BEAGENTS. 

§66. 

For  general  information  respecting  reagents,  I  refer  the  student  to  mj 
volume  on  "  Qualitative  Analysis." 

The  instrulions  giyen  here  wiU  be  confined  to  the  preparation,  testing, 
and  most  important  uses  of  those  chemical  substances  which  subserve 
principally  and  more  exclusively  the  purposes  of  quantitative  analysis. 
Those  reagents  which  are  employed  in  qualitative  investigations,  having 
been  treated  of  already  in  the  volume  on  the  qualitative  branch  of  the 
analytical  science,  will  therefore  be  simply  mentioned  here  by  name. 

The  reagents  used  in  quantitative  analysis  are  properly  arranged  under 
the  following  heads : — 

ji.  Beagents  for  gravimetric  analysis  in  the  wet  way. 

J?.  Beagents  for  gravimetric  analysis  in  the  dry  way. 

C.  Beagents  for  volumetric  analysis. 

J}.  Beagents  used  in  organic  analysis. 

The3of  preparing  L  fluida  ^sed  in  volumetric  analyaia,  will  be 
found  where  we  shall  have  occasion  to  speak  of  their  application. 

A.  BEAGENTS  FOB  GBAYIMETBIC  ANALYSIS 

m  THE  WET  WAY. 

L  SIMPLE  SOLVENTS. 

§56. 

1.  Distilled  Watee  (see  "  Qual.  Anal."). 

Water  intended  for  quantitative  investigations  must  be  perfectly  pure. 
Water  distilled  from  glass  vessels  leaves  a  residue  upon  evaporation  in 
a  platinum  vessel  (see  experiment  No.  5),  and  is  therefore  inapplicable 
for  many  purposes ;  as,  for  instance,  for  the  determination  of  the  exact 
degree  of  solubility  of  sparingly  soluble  substances.  For  certain  uses  it 
is  necessary  to  free  the  water  by  ebullition  from  atmospheric  air  and  car- 
bonic acid. 

2.  Alcohol  (see  '*  Qual.  Anal."). 

ck.  Absolute  alcohol,  b.  Bectified  spirit  of  wine  of  various  degrees  of 
strength. 

3.  Ether. 

The  application  of  ether  as  a  solvent  is  very  limited.  It  is  more  fre- 
quently used  mixed  with  spirit  of  wino,  in  order  to  diminish  the  solvent 
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power  of  the  lafcter  for  certain  substances,  e.y.y  bichloride  of  platLDom 
and  chloride  of  ammonium.  The  ordinary  ether  of  the  shops  will  answu 
the  purpose. 

n.  ACIDS  AND  HALOGENS, 
a.   Oxygen  Acids. 

§67.. 

1.  SuLPHUBio  Acid. 

a.  Concentrated  sulphuric  acid  of  the  shops. 
h.  Concentrated  pure  sulphuric  acid, 
c.  Dilute  sulphuric  acid. 
See  «  Qual.  Anal." 

2.  NiTBio  Acid. 

a.  Pure  nitric  acid  of  1'2  sp.  gr.  (see  "  Qual.  AnaL"). 

h.  Bed  fuming  nitric  add  (concentrated  nitric  acid  oontaining 
hyponitric  acid). 

jPreparation, — ^Two  parts  of  pure,  dry  nitrate  of  potaasa  are  i 
into  a  capacious  retort,  and  one  part  of  concentrated  sulphuric  add  ii 
added  either  through  the  tubulure  of  the  retort,  or  if  a  oonunon  non- 
tubulated  one  is  used,  through  the  neck  by  means  of  a  long  fuimel-tebe 
bent  at  the  lower  end,  carefully  avoiding  soiling  the  neck  of  the  letoii 
The  latter  being  put  into  a  vessel  filled  with  sand,  or,  better  still,  witk 
iron  turnings,  is  then  connected  with  a  receiver,  but  not  quite  air-ti|^t 
The  distillation  is  conducted  at  a  gradually  increased  heat,  and  earned 
to  dryness.  The  cooling  of  the  receiver  must  be  properly  attended  to 
during  the  distillation.  In  the  prepaiution  of  small  quantities,  the  re- 
toi*t  is  placed  on  a  piece  of  wire-gauze,  and  heated  with  charcoal ;  in  thk 
proceHH  it  is  always  advisable  to  coat  the  retort  by  repeated  a|^licttiflB 
of  a  thin  paste  made  of  clay  and  water ;  a  little  borax  or  carbonate  of 
soda  should  be  added  to  the  water  used  for  making  the  paste. 

Teats. — Red  fuming  nitric  acid  must  be  in  a  state  of  the  greatest  poett- 
ble  concentration,  and  perfectly  free  from  sulphuric  acid.  In  order  to  de* 
ti'ct  minute  traces  of  the  latter,  evaporate  a  few  c.  c.  of  the  specimen  in  t 
]iorcelain  dish  nearly  to  dryness,  dilute  the  residue  with  water,  add  some 
chloride  (»f  barium,  and  observe  wlietlier  a  precipitate  forms  on  standingi 

Uses. — A  powerful  oxidizing  agent  and  solvent ;  it  serves  more  ei^e- 
cially  to  convert  sulphur  and  metaJlic  sulphides  into  sulphuric  add  aad 
sulphates  respectively. 

3.  Acetic  Acid  (see  *'  Qual.  Anal.''). 

4.  Tartabic  Acid  (see  "  QuaL  Anal."). 

h.  Hydrogen  Adds  and  Saiogent. 

§58. 
1.  Hydeochloeio  Acid. 

a.  Pure  hydrochloric  acid  of  1'12  sp.  gr.  (see  "  Qual.  AnaL**). 

b.  Pure  fuming  hydrochloric  acid  of  about  1'18  sp.  gr. 
JPreparation. — As  in  "  Qual.  Anal."  §  20,  with  this  modification, ]iov> 

ever,  that  only  3  or  4  parts  of  water,  instead  of  6,  are  put  into  the  le* 
oeiver,  to  4  parts  of  chloride  of  sodium  in  the  retort,   llie  greatest 
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must  be  taken  to  keep  tbe  receiver  cool,  and  to  change  it  as  soon  as  the 
tube  through  which  the  gas  is  conducted  into  it  begins  to  get  hot,  since 
it  is  now  no  longer  hydrochloric  acid  gas  which  passes  over,  but  an 
aqueous  solution  of  the  gas,  in  form  of  vapor,  which  would  simply  weaken 
the  fuming  acid,  if  it  were  allowed  to  mix  with  it. 

Tests. — ^The  fuming  acid  must,  for  many  purposes,  be  perfectly  free 
from  chlorine  and  sulphurous  acid.  For  the  mode  of  testing  for  these 
impurities,  see  "  Qual.  Anal."  loc.  cit.  Test  for  sulphuric  acid  as  under 
Nitric  Acid,  previous  page. 

Uses. — Fuming  hydrochloric  acid  has  a  much  more  energetic  action 
than  the  dilute  acid ;  it  is,  therefore,  used  instead  of  the  latter  in  cases 
where  a  more  rapid  and  energetic  action  is  desirable. 

2.  Hydrofluoric  Acid. 

This  is  employed  for  the  decomposition  of  silicates  and  borates,  some- 
times in  the  gaseous  form,  sometimes  in  the  condition  of  aqueous  solu- 
tion. In  the  first  case,  the  substance  to  be  decomposed  is  introduced  into 
the  leaden  box,  in  which  the  hydrofluoric  gas  is  being  generated ;  in  the 
latter  case,  we  must  first  prepare  the  aqueous  acid.  The  raw  material 
employed  is  fluor  spar  or  kryoHte  (Luboldt*).  Both  are  first  finely  pow- 
dered, and  then  treated  with  concentrated  sulphuric  acid.  To  1  part 
kryolite,  2^  parts  sulphuric  acid  are  used ;  to  1  part  fiuor  spar,  2  parts 
sulphuric  acid  are  used.  If  the  latter  is  employed,  allow  the  mixture  to 
stand  in  a  dry  place  for  several  days,  stirring  every  now  and  then,  so 
that  the  silicic  acid  (which  is  generally  contained  in  fluor  spar)  may  flrst 
escape  in  the  form  of  fluosilicic  gas.  Convenient  distillatory  apparatus 
have  been  described  by  Luboldt  (loc.  cit.)  and  by  H.  Briegleb.j  The 
latter  commends  itself  especially  on  account  of  its  relatively  small  cost.  It 
consists  of  a  leaden  retort,  with  a  movable  leaden  top,  which  can  be  luted 
on.  The  receiver  belonging  to  it  is  a  box  of  lead,  with  a  tubulure  at  the 
side,  into  which  the  neck  of  the  retort  just  enters.  The  cover  of  the 
receiver  is  raised  conical,  and  is  provided  at  the  top  with  an  exit  tube 
of  lead.  In  the  receiver  a  platinum  dish  containing  water  is  placed,  all 
joints  are  luted,  and  the  retort  is  carefully  heated  in  a  sand-bath.  The 
aqueous  hydrofluoric  acid  found  at  the  end  of  the  operation  in  the  plati- 
num dish  is  perfectly  pure.  The  small  quantity  of  impure  hydrofluoric 
acid  which  collects  on  the  bottom  of  the  receiver  is  thrown  away.  The 
hydrofluoric  acid  must  entirely  volatilize  when  heated  in  a  platinum  dish 
on  a  water-bath.  The  pure  acid  gives  no  precipitate  when  neutralized 
with  potash,  while  silicofluoride  of  potassium  separates  if  the  acid  con- 
tains hydrofluosilicic  acid.  The  acid  is  best  preserved  in  gutta-percha 
bottles,  as  recommended  by  Stadeler.  The  greatest  caution  must  be 
observed  in  preparing  this  acid,  since,  whether  in  the  fluid  or  gaseous 
condition,  it  is  one  of  the  most  injurious  substances. 

3.  Chlorine  and  Chlorine-water  (see  '^  Qual.  AnaL'*). 

4.  NiTRO-HYDROCHLORic  AciD  (see  "  Qual.  Anal."). 

5.  Hydrofluosilicic  Acid  (see  **  Qual.  Anal."). 

e,   StdphuT  Acids, 
1.  Htdrosulphuric  Acid  (see  "  Qual.  Anal."). 

*  Joum.  ftir  ptakt.  Ohem.,  76,  380. 
f  Annal.  d.  Ghem.  n.  Pharm.,  Ill,  380. 


86  REAGEHTS.  [§§  59, 6a 

in.   BASES  AND  METALS. 

a,   (key gen  JScues  and  MeUda. 

§59. 
a.   Alkalies, 

1.  PoTASSA  AND  SoDA  (see  ^'  QuaL  AnaL**). 

All  the  three  sorts  of  the  caustic  alkalies  mentioned  in  the  qualitatin 
part  are  required  in  quantitative  analysis,  viz.,  common  solution  of  soda, 
hydrate  of  potassa  purified  with  alcohol,  and  solution  of  potassa  prepared 
with  baryta.  Pure  solution  of  potassa  may  be  obtained  also  by  heatmg 
to  redness  for  half  an  hour  in  a  copper  crucible,  a  mixture  of  1  part  of 
nitrate  of  potassa,  and  2  or  3  parts  of  thin  sheet  copper  cut  into  smill 
pieces,  treating  the  mass  with  water,  allowing  the  oxide  of  copper  to 
subside  in  a  tall  vessel,  and  removing  the  supernatant  dear  fluid  bj 
means  of  a  syphon  (Wohler).* 

2.  Ammonia  (see  ^^  Qual.  Anal.''). 

j8.  Alkaline  Eanihi. 

1.  Baryta  (see  "  Qual.  Anal."). 

2.  Lime. 

Finely  divided  hydrate  of  lime  mixed  with  water  (milk  of  lime),  if 
used  more  particularly  to  effect  the  separation  of  magnesia,  ^bc,  from  the 
alkalies.  Milk  of  lime  intended  to  be  used  for  that  purpose  must,  of 
course,  be  perfectly  free  from  alkalies.  To  insure  this  the  hydrate 
should  be  thoroughly  washed,  by  repeated  boiling  with  fresh  quantities 
of  distilled  water.  This  operation  is  conducted  best  in  a  silver  disk 
When  cold,  the  milk  of  lime  so  prepared  is  kept  in  a  well-stoppaied 
bottle. 

y.  Heavy  Metals j  and  their  Oxides, 

§60. 

L  Zinc. 

Zinc  has  of  late  been  much  used  as  a  reagent  in  quantitative  anai  fni. 
It  serves  more  especially  to  effect  the  reduction  of  dissolved  sesquioxide 
of  iron  to  protoxide,  and  also  the  precipitation  of  copper  from  the  aolu- 
tions  of  that  metal.  Zinc  intended  to  be  used  for  the  former  purpoae 
must  be  free  from  iron,  for  the  latter  free  from  lead,  copper,  and  other 
metals  which  remain  undissolved  upon  treating  the  zinc  with  dilute 
acids. 

To  procure  zinc  which  leaves  no  residue  -upon  solution  in  dilute  sol- 

*  Hydrate  of  soda,  made  by  acting  on  pure  water  by  pure  sodium  and  fv«i]^ 
hi  silver  vessels,  is  to  be  had  cheaply  of  the  Magnesiom  Metal  Company,  Saliind, 
Manchester,  England. 
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phuric  acid,  there  is  commonly  no  other  resource  but  to  re-distil  the  com- 
mercial article. 

This  is  effected  in  a  retort  made  of  the  material  of  Hessian  or  black- 
lead  crucibles.  The  operation  is  conducted  in  a  wind-furnace  with  good 
draught.  The  neck  of  the  retort  must  hang  down  as  pei*pendicular  as 
possible.  Under  the  neck  is  placed  a  basin  or  small  tub',  filled  with  water. 
The  distillation  begins  as  soon  as  the  retort  is  at  a  bright  red  heat.  As 
the  neck  of  the  retort  is  very  liable  to  become  choked  up  with  zinc,  or 
oxide  of  zinc,  it  is  necessary  to  keep  it  constantly  free  by  means  of  a 
pipe-stem.  The  zinc  obtained  by  this  re-distillation  is  nearly  or  quite 
free  from  lead. 

Tests. — The  following  is  the  simplest  way  of  testing  the  purity  of  zinc : 
dissolve  the  metal  in  dilute  sulphuric  acid  in  a  small  flask  provided  with 
a  gas-evolution  tube,  place  the  outer  limb  of  the  tube  under  water,  and 
when  the  solution  is  completed,  let  the  water  entirely  or  partly  recede 
into  the  flask  ;  after  cooling,  add  to  the  fluid,  drop  by  drop,  a  sufficiently 
dilute  solution  of  permanganate  of  potassa.  If  a  drop  of  that  solution 
imparts  the  same  red  tint  to  the  zinc  solution  as  to  an  equal  volume  of 
water,  the  zinc  may  be  considered  free  from  iron.  I  prefer  this  way  of 
testing  the  purity  of  zinc  to  other  methods,  as  it  aflbrds,  at  the  same  time, 
an  approximate,  or,  if  the  zinc  has  been  weighed,  and  the  chameleon  solu- 
tion (which,  in  that  case,  must  be  considerably  diluted)  measured,  an 
accurate  and  precise  knowledge  of  the  quantity  of  iron  present.  If  lead 
or  copper  are  present,  these  metals  remain  undissolved  upon  solution  of 
the  zinc. 

2.  Oxide  of  Lead. 

Precipitate  pure  nitrate  or  acetate  of  lead  with  carbonate  of  ammonia, 
wash  the  precipitate,  dry,  and  ignite  gently  to  complete  decomposition. 

Oxide  of  lead  is  often  used  to  flx  an  acid,  so  that  it  is  not  expelled 
even  by  a  red  heat. 

5.  Svlphv/r  Bases, 

1.  Sulphide  op  Ammonium  (see  "  QuaJ.  Anal."). 

We  reqtdre  both  the  colorless  monosulphide,  and  the  yellow  polj- 
sulphide. 

2.  Sulphide  of  Sodium  (see  *'  Qual.  AnaL**). 


IV.   SALTS, 
a.  Salts  of  the  Alkalies. 

§61. 

1.  Sulphate  of  Potassa  (see  "  Qual.  AnaL"). 

2.  Oxalate  op  Ammonia  (see  "  Qual.  Anal.**). 

3.  Acetate  op  Soda  (see  "  Qual.  Anal."). 

4.  Succinate  op  Ammonia. 
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JPrepaTCLHa7%, — Saturate  succinic  acid,  which  has  l»een  purified  Ij 
dissolving  in  nitric  acid  and  recrystallizing,  with  dilute  ammonuL 
The  reaction  of  the  new  compound  should  he  rathrr  ili^tly  alkalinft 
than  acid. 

Vses. — ^This  reagent  serves  occasionallj  to  separate  aesquioxide  of 
iron  from  other  metallic  oxides. 

6.  Carbonate  op  Soda  (see  "  Qual.  Anal."). 

This  reagent  is  required  hoth  in  solution  and  in  pure  crystals ;  in  the 
latter  form  to  neutralize  an  excess  of  acid  in  a  fluid  which  it  is  de8U> 
ahle  not  to  dilute  too  much. 

6.  Carbonate  op  Ammonia  (see  Qual.  Anal.''). 

7.  Bisulphite  of  Soda  (see  ''  Qual.  AnaL"). 

8.  Hyposulphite  op  Soda. 

This  salt  occurs  in  commerce.  It  should  he  dry,  clear,  well  ciystal- 
lized,  completely  and  with  ease  soluble  in  water.  The  solution  must 
give  with  nitrate  of  silver  at  first  a  white  precipitate,  must  not  eflfei^ 
vesce  with  acetic  acid,  and  when  acidified  must  give  no  precipitate  with 
chloride  of  barium,  or  at  most,  only  a  slight  turbidity.  The  acidified 
solution  must,  after  a  short  time,  become  milky  from  separation  of  sul- 
phur. 

Wites. — ^The  hyposulphite  of  soda  is  used  for  the  precipitation  of  ser- 
eral  metals,  as  sulphides,  particularly  in  separations,  for  instance,  of 
copper  from  zinc ;  it  also  serves  as  solvent  for  several  salts  (chloride  of 
silver,  sulphate  of  lime,  &c.) ;  lastly,  it  is  employed  in  volumetric  ana* 
lysis,  its  use  here  depending  on  the  reaction  2  (NaO,  Sg  O,)  +  I  =  Nt 
I  +  Na  O,  S,  O5. 

9.  Nitrite  op  Potassa  (see  **  Qual.  Anal."). 

10.  Bichromate  op  Potassa  (see  "  Qual.  Anal."). 

11.  MoLYBDATE  OP  Ammonia  (scc  "  Qual.  Anal."). 

12.  Chloride  op  Ammonium  (see  "  Qual.  Anal."). 

13.  Cyanide  op  Potassium  (see  "  Qual.  AnaL"). 

5.  Salts  of  the  Alkaline  JSarths. 
§  62. 

1.  Chloride  op  Barium  (see  "  Qual.  Anal."). 

The  following  process  gives  a  very  pure  chloride  of  baritun,  free 
from  lime  and  strontia : — Transmit  through  a  concentrated  solution  of 
impure  chloride  of  barium  hydrochloric  gas,  as  long  as  a  precipitate 
continues  to  form.  Nearly  the  whole  of  the  chloride  of  barium  pre- 
sent is  by  this  means  separated  from  the  solution,  in  form  of  a  crystal- 
line powder.  Collect  this  on  a  filter,  let  the  adhering  liquid  drain  oSf 
wash  the  powder  repeatedly  with  small  quantities  of  pure  hydrochlorie 
acid,  until  a  sample  of  the  washings,  diluted  with  water,  and  precipitated 
with  sulphuric  acid,  gives  a  filtrate  which,  upon  evaporation  in  a  plati> 
num  dish,  leaves  no  residue.  The  hydrochloric  mother-liquor  serves  to 
dissolve  fresh  portions  of  witherite.  I  make  use  of  the  chloride  of 
barium  so  obtained,  principally  for  the  preparation  of  perfectly  pure 
earbonate  of  baryta,  which  is  often  required  in  quantitative  analyaee. 

2.  Acetate  op  Baryta. 
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J^reparaHon. — ^Dissolve  pure  carbonate  of  baryta  in  moderately  di 
lute  acetic  add,  filter,  and  evaporate  to  crystallization. 

Tests. — Dilute  solution  of  acetate  of  baryta  must  not  be  rendered 
turbid  by  solution  of  nitrate  of  silver.  See  also  "  Qual.  Anal.,"  Chlo' 
ride  of  barium^  the  same  tests  being  also  used  to  ascertain  the  purity 
of  the  acetate. 

Uses. — Acetate  of  baryta  is  used  instead  of  chloride  of  barium,  to 
effect  the  precipitation  of  sulphuric  acid,  in  cases  where  it  is  desirable 
to  avoid  the  introduction  of  a  chloride  into  the  solution,  or  to  convert 
the  base  into  an  acetate.  As  the  reagent  is  seldom  reqtdred,  it  is  best 
kept  in  crystals. 

3.  Cabbokate  of  Baryta  (see  ^^  Qual.  Anal."). 

4.  Chlobide  of  Strontium. 

Preparation. — Chloride  of  strontium  is  prepared  from  strontianite 
or  celestine,  by  the  same  processes  as  chloride  of  barium.  The  pure 
crystcJs  obtained  are  dissolved  in  spirit  of  wine  of  96  per  cent.,  the 
solution  is  filtered,  and  kept  for  use. 

Uses. — The  alcoholic  solution  of  chloride  of  strontium  is  used  to  ef- 
fect the  conversion  of  alkaline  sulphates  into  chlorides,  in  cases  where 
it  is  desirable  to  avoid  the  introduction  into  the  fluid  of  a  salt  insoluble 
in  spirit  of  wine. 

5.  Chlobide  op  Calcium  (see  "  Qual.  Anal."). 

6.  Sulphate  of  Magnesia  (see  "  Qual.  Anal."). 

This  reagent  is  principally  used  to  precipitate  phosphoric  acid  from 
aqueous  solutions.  The  solution  required  for  this  purpose  should  be 
kept  ready  prepared ;  it  is  made  by  dissolving  1  part  of  crystallized 
sulphate  of  magnesia  and  1  part  of  pure  chloride  of  ammonium  in  8 
parts  of  water  and  4  parts  of  solution  of  ammonia,  allowing  the  fluid 
to  stand  at  rest  for  several  days,  and  then  filtering. 

This  solution  is  sometimes  called  magnesiarmixture. 

c  Salts  of  (he  Oxides  of  the  Seavy  Metals. 

§  63. 

1.  Sulphate  of  Pbotoxide  of  Iron  (see  "  Qual.  Anal."). 

2.  Sesquichlobide  of  Ibon  (see  "  Qual.  Anal."). 

3.  Acetate  of  Sesquioxide  of  Ubanium. 

Heat  finely  powdered  pitchblende  with  dilute  nitric  acid^  filter  the 
fluid  from  the  undissolved  portion,  and  treat  the  filtrate  with  hydro- 
sulphuric  acid  to  remove  the  lead,  copper,  and  arsenic ;  filter  again, 
evaporate  to  dryness,  extract  the  residue  with  water,  and  filter  the  so- 
lution from  the  oxides  of  iron,  cobalt,  and  manganese.  Nitrate  of  ses- 
quioxide of  uranium  crystallizes  from  the  filtrate  ;  purify  this  by  recrys- 
taHization,  and  then  heat  the  crystals  until  a  small  portion  of  the  ses- 
quioxide of  uranium  is  reduced.  Warm  the  yellowish-red  mass  thus 
obtained  with  acetic  acid,  filter  and  let  the  filtrate  crystallize.  The 
erystals  are  acetate  of  sesquioxide  of  uranium,  and  the  mother-liquor 
euntains  the  undecomposed  nitrate  (Webtheim^. 

Tests* — Solution  of  acetate  of  Kpnquioxide  of  uranium  after  acidifica- 
tion with  hydrochloric  acid  must  aot  be  altered  by  hydrosulphuric  acid  ; 
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jarbonate  of  ammonia  must  produce  in  it  a  precipitate,  solu'ile  in  as 
excess  of  the  precipitant. 

TlBes, — Acetate  of  sesquioxide  of  ui'anium  may  serve,  in  many  cases, 
to  effect  the  separation  and  determination  of  phosphoric  acid. 

4.  Nitrate  of  Silver  (see  "  Qual.  Anal."). 

5.  Acetate  op  Lead  (see  "  Qual.  Anal."). 

6.  Chloride  of  Mercury  (see  "  Qual.  Anal."). 

7.  Protochloride  of  Tin  (see  "  Qual.  Anal."). 

8.  Bichloride  of  Platinum  (see  "  Qual.  Anal."). 

9.  Sodio-Protochloride  of  Palladium  (see  "  QuaL  AnaL"). 

B.  REAGENTS  FOR  GRAVIMETRIC  ANALYSIS  IN 

THE  DRY  WAY. 

§64. 

1.  Carbonate  of  Soda,  pure  anhydrous  (see  "  QuaL  Anal."). 

2.  Mixed  Carbonates  of  Soda  and  Potassa  (see  "  QuaL  Anal."). 

3.  Hydrate  of  Baryta  (see  "  Qual.  AnaL"  and  §  59). 

4.  Nitrate  of  Potassa  (see  "  Qual.  Anal."). 

5.  Nitrate  of  Soda  (see  "  Qual.  AnaL"). 

6.  Borax  (fused). 

Preparation, — Heat  crystallized  borax  (see  "  QuaL  Anal.")  in  a 
platinum  or  porcelain  dish,  until  there  is  no  further  intumescence ;  re- 
duce the  porous  mass  to  powder,  and  heat  this  in  a  platinum  emcible 
until  it  is  fused  to  a  transparent  mass.  Pour  the  semi-fluid,  viscid  maa 
upon  a  fragment  of  porcelain.  A  better  way  is  to  fuse  the  borax 
in  a  net  of  platinum  gauze,  by  making  the  gas  blowpipe-flame  act  upon 
it.  The  drops  are  collected  in  a  platinum  dish.  The  vitrified  borax  ob- 
tained is  kept  in  a  well-stoppered  bottle.  But  as  it  is  always  necessary 
to  heat  the  vitrified  borax  previous  to  use,  to  make  quite  sure  that  it  is 
perfectly  anhydrous,  the  best  way  is  to  prepare  it  only  when  required. 

Uses. — Vitrified  borax  is  used  to  effect  the  expulsion  of  carbonic  add 
and  other  volatile  acids,  at  a  red  heat. 

7.    BiSULPHATE  OF  POTASSA. 

Preparation, — Mix  87  parts  of  neutral  sulphate  of  potassa  (see  **  QuaL 
AnaL"),  in  a  platinum  crucible,  with  49  parts  of  concentrated  pure  sul- 
phuric acid,  and  heat  to  gentle  redness  until  the  mass  is  in  a  state  of 
uniform  and  limpid  fusion.  Pour  the  fused  salt  on  a  fragment  of  porce- 
lain, or  into  a  platinum  dish  standing  in  cold  water.  After  coolings 
break  the  mass  into  pieces,  and  keep  for  use.* 

Uses, — This  reagent  serves  as  a  flux  for  certain  native  compounds  of 
alumina  and  sesquioxide  of  chromium.  Bisulphate  of  potassa  is  used 
also,  as  we  have  already  had  occasion  to  stAte,  for  the  cleansing  of  plati* 
num  crucibles ;  for  this  latter  purpose,  however,  the  salt  which  ia  ob- 
tained in  the  preparation  of  nitiic  acid  will  be  found  sufficiently  pure. 
8.  Carbonate  of  Ammonia  (solid). 

Preparation, — See  "  Qual.  Anal." — This  reagent  serves  to  convert  the 

*  [J.  La\vTence  Smith  advises  the  use  of  bisnlphate  of  soda  for  fluxing  alumi* 
nous  oompounds,  as  the  fused  mass  is  much  more  readily  soluble  in  water.  ] 
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bisulpliates  of  tHe  alkalies  into  neutral  salts.     It  must  completely  Tola- 
ti  lize  when  heated  in  a  platinum  dish. 

9.  Nitrate  op  Ammonia. 

J^reparation, — ^Neutralize  pure  carbonate  of  ammonia  with  pure  nitric 
acid,  warm,  and  add  ammonia  to  slightly  alkaline  reaction  ;  filter,  if  ne- 
cessary, and  let  the  filtrate  crystallize.  Fuse  the  crystals  in  a  platinum 
dish,  and  pour  the  fused  mass  upon  a  piece  of  porcelain ;  break  into 
pieces  whilst  still  warm,  and  keep  in  a  well-stoppered  bottle. 

Tests, — Nitrate  of  ammonia  must  leave  no  residue  when  heated  in  a 
platinum  dish. 

Uses. — Nitrate  of  ammonia  serves  as  an  oxidizing  agent ;  for  instance, 
to  convert  lead  into  oxide  of  lead,  or  to  effect  the  combustion  of  carbon, 
in  cases  where  it  is  desired  to  avoid  the  use  of  Bxed  salts. 

10.  Chloride  of  Ammonium. 

Preparation  and  Tests. — See  "  Qual.  Anal." 

Uses. — Chloride  of  ammonium  is  often  used  to  convert  metallic  oxides 
and  acids,  e.g.,  oxide  of  lead,  oxide  of  zinc,  binoxide  of  tin,  arsenic  acid, 
antimonic  acid,  <Scc.,  into  chlorides  (ammonia  and  water  escape  in  the 
process).  Many  metallic  chlorides  being  volatile,  and  others  volatilizing 
in  presence  of  chloride  of  ammonium  fumes,  they  may  be  completely  re- 
moved by  igniting  them  with  chloride  of  ammonium  in  excess,  and  thus 
many  compounds,  e.g.,  alkaline  antimoniates,  may  be  easily  and  expedi* 
tiously  analyzed.  Chloride  of  ammonium  is  also  used  to  convert  various 
salts  with  other  acids  into  chlorides,  e.g.,  small  quantities  of  alkaline 
sulphates. 

11.  Hydrogen  Gas. 

Preparation, — Hydrogen  gas  is  evolved  when  dilute  stdphiiric  acid  is 
added  to  granulated  zinc.  It  may  be  purified  from  traces  of  foreign 
gases  either  by  passing  first  through  chloride  of  mercury  solution,  then 
through  potash  solution,  or  as  recommended  by  Stenhouse,  by  passing 
through  a  tube  filled  with  pieces  of  charcoal.  If  the  gas  is  desired  dry, 
pass  through  sulphuric  acid  or  a  chloride  of  calcium  tube. 

Tests. — Pure  hydrogen  gas  is  inodorous.  It  ought  to  bum  with  a 
colorless  flame,  which,  when  cooled  by  depressing  a  porcelain  dish  upon 
it,  must  deposit  nothing  on  the  surface  of  the  dish  except  pure  water 
(free  from  acid  reaction). 

Uses. — Hydrogen  gas  is  frequently  used,  in  quantitative  analysis,  to 
reduce  oxides,  chlorides,  sulphides,  &c,,  to  the  metallic  state. 

12.  Chlorine. 

Preparation. — See  "  Qual  Anal." — Chlorine  gas  is  purified  and  dried 
by  transmitting  it  through  concentrated  sulphuric  acid,  or  a  chloride  of 
calcium  tube. 

Uses. — Chlorine  gas  serves  principally  to  produce  chlorides,  and  to 
separate  the  volatile  from  the  non- volatile  chlorides ;  it  is  also  used  to 
displace  and  indirectly  determine  bromine  and  iodine. 

a  REAGENTS  USED  IN  YOLUMETRIC  ANALYSIS. 

§  65. 
Under  this  head  are  arranged  the  most  important  of  those  substances, 
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which  serve  for  tbe  preparation  and  testing  of  the  fluids  required  in 
volumetric  analysis,  and  have  not  been  given  sub  A  and  JB, 

1.  Pure  Crystallized  Oxalic  Acid. 


The  introduction  of  crystallized  oxalic  acid  as  a  basis  for  alkalimetry 
and  acidiinetry  is  due  to  Fk.  Mohr.  It  is  also  employed  to  determine 
the  strength  of,  or  to  standardize^  a  solution  of  permanganate  of  potaasa, 

1  equivalent  of  permanganic  acid  being  required  to  convert  5  equivalents 
of  oxalic  acid*  into  carbonic  acid  (Mn,  O^  -f  2  S  O,  +  6  C,  O,  =  2  (Mn 
O,  S  O3 )  -f  10  C  Oa ).  We  use  in  most  cases  the  pure  crystallized  add 
which  has  the  formula  C,  O3,  H  O  +  2  aq.,  and  of  which  the  equivalent 
is  accordingly  63. 

Preparation. — ^Treat  powdered  oxalic  acid  of  oommeroe,  in  a  flask,  with 
lukewarm  distilled  water,  in  such  proportion  as  will  leave  a  large 
amount  of  the  acid  undissolved,  and  shake  (Mohr).  Filter,  crystallize, 
and  let  the  crystals  drain ;  then  spread  them  out  on  blotting-paper,  and 
let  them  get  iJioroughly  dry,  at  the  common  temperature,  in  a  place  free 
from  dust ;  or  press  them  gently  between  sheets  of  blotting-paper,  and 
repeat  the  operation  with  fresh  sheets,  until  the  crystals  are  quite  diy. 
Another  method,  by  which  the  acid  is  obtained  perfectly  pure,  oonsiBtB 
in  decomposing  oxalate  of  lead  with  dilute  sulphuric  acid. 

Teats. — The  crystals  of  oxalic  acid  must  not  show  the  least  sign  of 
efflorescence  (to  which  they  are  liable  even  at  20°  in  a  dry  atmosphere); 
they  must  dissolve  in  water  to  a  perfectly  clear  fluid ;  when  heated  In  a 
platinum  dish,  they  must  leave  no  fixed  and  incombustible  residue  (car- 
bonate of  lime,  carbonate  of  potassa,  kc.).  If  the  acid  obtained  by  a 
first  crystallization  fails  to  satisfy  these  requirements,  it  must  be  recryi> 
tallized. 

2.  Tincture  of  Litmus. 

Preparation. — Digest  1  part  of  litmus  of  commerce  with  6  parts  of 
water,  on  the  water-bath,  for  some  time,  filter,  divide  the  blue  fluid  into 

2  portions,  and  saturate  in  one  half  the  free  alkali,  by  stirring  repeat- 
edly with  a  glass  rod  dipped  in  very  dilute  nitric  acid,  imtil  the  color 
just  appears  red ;  add  the  remaining  blue  half,  together  with  1  part  of 
strong  spirit  of  wine,  and  keep  the  tincture,  which  is  now  ready  for  use, 
in  a  small  open  bottle,  not  quite  full,  in  a  place  protected  from  dust 
In  a  stoppered  bottle  the  tincture  would  speedily  loose  color. 

Tests. — Litmus  tincture  is  tested  by  coloring  with  it  about  100  cubio 
centimetres  of  water  distinctly  blue,  dividing  the  fluid  into  two  por- 
tions, and  adding  to  the  one  the  least  quantity  of  a  dilute  acid,  to  the 
other  a  trace  of  solution  of  soda.  If  the  one  portion  acquires  a  dis- 
tinct red,  the  other  a  distinct  blue  tint,  the  litmus  tincture  is  fit  for 
use,  as  neither  acid  nor  alkali  predominates. 

3.  Permanganate  op  Potassa. 

Preparation. — Mix  8  parts  of  very  finely  powdered  pure  pyrolusite, 
or  binoxide  of  manganese,  with  7  parts  of  chlorate  of  potassa,  put'  the 
mixture  into  a  shallow  cast-iron  pot,  and  add  37  parts  of  a  solution 
of  potassa  of  1*27  specific  gravity  (the  same  solution  as  is  usod  in 
organic  analysis f)  ;    evapoi-ate  to  dryness,  stirring  the  mixture  during 

♦  Considered  as  a  monobasic  acid. 

f  Or  instead  of  the  solntton,  use  10  parts  of  the  hydrate  (K  O,  H  0).     In  tiilv 
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tLe  operation ;  put  the  residue  before  it  has  absorbed  moisture,  into 
an  iron  or  Hessian  crucible,  and  expose  to  a  dull-red  heat,  with  fre* 
queiit  stirring  with  an  iron  rod  or  iron  spatula,  until  no  more  aqueous 
vapors  escape  and  the  mass  is  in  a  faint  glow.  Kemove  the  crucible  now 
from  the  iire,  and  transfer  the  friable  mass  to  an  iron  pot.  Beduce  to 
coarse  powder,  and  transfer  this,  in  small  portions  at  a  time,  to  an  iron 
vessel  containing  100  parts  of  boiling  water ;  keep  boiling,  replacing  the 
evaporating  water,  and  passing  a  stream  of  carbonic  acid  through  the 
duid.  (Mulder*).  The  originally  dark  green  solution  of  manganate  of 
potassa  soon  changes,  with  separation  of  hydrated  binoxide  of  manganese, 
to  the  deep  violet-red  of  the  permanganate.  When  it  is  considered  that 
the  conversion  is  complete,  allow  to  settle,  take  out  a  small  quantity  of 
the  clear  liquid,  boil  and  pass  carbonic  acid  through  it.  If  a  precipitate 
forms,  the  conversion  is  not  yet  complete. 

The  solution  may  be  filtered  thi*ough  gun-cotton.  Evaporate,  crystal- 
lize, and  dry  the  crystals  on  a  porous  tile. 

The  pure  salt  is  now  to  be  obtained  in  commerce. 

4.  Ammonio-Sulphate  of  Protoxide  of  Iron. 

(Fe  O,  S  O3+N  H4  O,  S  0,4-6  aq.) 

Fr.  Mohr  has  proposed  to  employ  this  Rouble  salt,  which  is  not  liable 
to  efflorescence  and  oxidation,  as  an  agent  to  determine  the  strength  of 
the  permanganate  solution. 

JPreparcUion, — Take  two  equal  portions  of  dilute  sulphuric  acid,  and 
warm  the  one  with  a  moderate  excess  of  small  iron  nails  free  from  rust, 
until  the  evolution  of  hydrogen  gas  has  altogether  or  very  nearly  ceajsed  ; 
neutralize  the  other  portion  exactly  with  carbonate  of  anmionia,  and 
then  add  to  it  a  few  d[rops  of  dilute  sulphuric  acid.  Filter  the  solution 
of  the  sulphate  of  the  protoxide  of  iron  into  that  of  the  sulphate  of  am- 
monia, evaporate  the  mixture  a  little,  if  necessary,  and  then  allow  the 
Bait  to  crystallize.  Let  the  crystals,  which  are  hard  and  of  a  pale  green 
eolor,  drain  in  a  funnel,  then  wash  them  in  a  little  water,  dry  thoroughly 
on  blotting-paper  in  the  air,  and  keep  for  use. 

The  equivalent  of  the  salt  (196)  is  exactly  7  times  that  of  iron  (28). 
The  solution  of  the  salt  in  water  which  has  been  just  acidified  with  sul- 
phuric acid  must  not  become  red  on  the  addition  of  sulphocyanide  of 
potassium. 

[5.  Ammokia-Iron-Alum. 

(Fe,  0„  3  SO,+NH,  O,  SO„+24  HO.) 

JPreparaHon, — ^Bring  into  a  large  porcelain  dish  58  grms.  of  pure 
crystallized  ferrous  sulphate  (see  Fresenius' "  Qual.  Anal."  Am.  ed.  p.  73), 
together  with  a  quantity  of  oil  of  vitriol  equivalent  to  8*3  grms.  of  an- 
hydrous sulphuric  acid  (see  Table,  p.  488).  Heat  upon  a  sand-bath,  add- 
ing nitric  acid  frx>m  time  to  time,  in  small  portions,  until  the  iron  has 
all  passed  into  ferric  oxide,  or  until  a  drop  of  the  solution  gives  no  blue 
coloration  with  ferricyanide  of  potassium.  Heat  further,  and  evap- 
orate until  the  excess  of  nitric  acid  is  expelled,  then  add   14  grms. 


foBe  the  potash  and  the  chlorate  together  first,  and  then  project  the  manga 
neae  into  the  cmoible. 
*  Jahresbericht  von  Eopp  und  Will,  1858,  581. 
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of  sulphate  of  ammonia,*  and,  if  need  be,  hot  water  sufficient  to  bring 
the  salt  into  solution ;  filter  into  a  porcelain  capsule  and  set  asidey  under 
cover,  to  crystallize. 

The  iron-alum  separates  in  cubo-octahedrons,  which  may  be  yellowisli, 
lilac,  or  colorless.  If  dark  in  color,  dissolve  in  warm  water,  add  a  few 
drops  of  oil  of  vitriol,  and  crystallize  again.  Binse  the  pale  or  cclorlen 
crystals,  after  separation  from  the  mother-liquor,  with  cold  water,  wrap 
up  closely  in  filter  paper,  and  allow  them  to  dry  at  the  ordinary  tein* 
perature.f 

The  yield  should  be  about  80  grms.  The  dry  salt  should  be  pulver- 
ized, pressed  between  folds  of  paper  until  freed  from  mechanically  ad- 
hering water,  and  preserved  in  a  well-stoppered  bottle. 

Uses. — Ammonia-iron-alum  furnishes  the  best  means  of  obtaining  a 
definite  quantity  of  ferric  oxide  for  making  standard  solutions,  being' 
easily  obtained  pure  and  inalterable  if  kept  away  from  acid  vapors.  Itii 
purity  may  be  readily  controlled  by  ascertaining  the  loss  on  careful  igni- 
tion, which  should  leave  a  residue  of  16*6  per  cent,  of  sesquioxide  of 
iron,  corresponding  to  ir59  per  cent,  of  metallic  iron« 

6.  PuEE  Iodine. 

Prepa/rcUion. — ^Triturate  iodine  of  commerce  with  -J-  part  of  its  wei^t 
of  iodide  of  potassium,  dry  th«  mass  in  a  large  watch-glass  with  ground 
rim,  warm  this  gently  on  a  sand-bath,  or  on  an  iron  plate,  and  as  soon  as 
violet  fames  begin  to  escape,  cover  it  with  another  watch-glass  of  the 
same  size.  Continue  the  application  of  heat  until  all  the  iodine  is  sub- 
limed, and  keep  in  a  well-closed  glass  bottle.  The  chlorine  or  bromine, 
which  is  often  found  in  iodine  of  commerce,  combines,  in  this  prooesi, 
with  the  potassium,  and  remains  in  the  lower  watch-glass,  together  with 
the  excess  of  iodide  of  potassium. 

Teeta. — Iodine  purified  by  the  process  just  now  described,  must  leave 
no  fixed  residue  when  heated  on  a  watch-glass.  But,  even  supposing  it 
should  leave  a  trace  on  the  glass,  it  would  be  of  no  great  consequence, 
as  the  small  portion  intended  for  use  has  to  be  resublimed  immediately 
before  weighing. 

*  If  not  ou  hand,  this  salt  may  be  prepared  by  saturating  oil  of  vitriol  wiiii 
carbonate  of  ammonia  and  evaporating  to  dryness.  80  grammes  of  oH  of  vitoiil 
give  somewhat  more  than  is  required  above.  ^ 

f  Examinations  of  iron-alum  thus  prepared  show  that  the  variations  in  the 
color  of  the  salt^  from  colorless  to  rose,  are  not  connected  with  appreciable  d]fleK>- 
ences  of  composition. 

J.  H.  Grove,  of  the  Sheffield  Laboratory,  obtained  the  following  results  in  the 
examination  of  ammonia-iron-almn  crystals,  the  ferric  oxide  being  estimaled  \Q 
ignition  :-^ 

Fea  O, 
16-59 
1st  ^     16*55 


1 


16-59 
2d  16-53 
8d  16-57 
4th  16-57 
6th       16  58 

16-50 


6th 


i 


16-56 


7th  16 -55 

Calculated     16-60 
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Uses,'  -Pure  iodine  is  used  to  determine  the  amount  of  iodine  con- 
tained in  the  solution  of  iodine  in  iodide  of  potassium,  employed  in 
many  volumetric  processes. 

7.  Iodide  op  Potassium. 

Small  quantities  of  this  article  may  be  procured  cheaper  in  commerce 
than  prepared  in  the  laboratory.  For  the  preparation  of  iodide  of  potas* 
sium  intended  for  analytical  purposes  I  recommend  Baup's  method,  im« 
proved  by  Fkederkino,  because  the  product  obtained  by  this  process  is 
&ee  from  iodic  acid.  • 

Tests, — Put  a  sample  of  the  salt  in  dilute  Sulphuric  acid.  If  the  iodide 
is  pure,  it  will  dissolve  without  coloring  the  fluid ;  but  if  it  contain 
iodate  of  potassa,  the  fluid  will  acquire  a  brown  tint,  from  the  presence 
of  free  iodine  (K  I  +  H  0  +  S  03=K  0,S  Oj+H  land  I  0\-\-b  H  1= 
5  H  O  -h  6  I,  which  remain  in  solution  in  the  hydriodic  acid).  Mix  the 
solution  of  another  sample  with  nitrate  of  silver,  as  long  as  a  precipitate 
continues  to  form ;  add  solution  of  ammonia  in  excess,  shake  the  mix- 
ture, filter,  and  supersaturate  the  filtrate  with  nitric  acid.  The  foi-ma- 
tion  of  a  white,  curdy  precipitate  indicates  the  presence  of  chloride  in 
the  iodide  of  potassium.  Presence  of  sulphate  of  potassa  is  detected  by 
means  of  solution  of  chloride  of  bariitm,  with  addition  of  some  hydro- 
chloric acid. 

Uses, — Iodide  of  potassium  is  used  as  a  solvent  for  iodine  in  the  pre- 
paration of  standard  solutions  of  iodine ;  it  is  employed  also  to.  absorb 
free  chlorine.  In  the  latter  case  every  equivalent  of  chlorine  liberates 
an  equivalent  of  iodine,  which  is  retained  in  solution  by  the  agency  of  the 
excess  of  iodide  of  potassium.  The  iodide  of  potassium  intended  for  these 
uses  must  be  free  from  iodate  and  carbonate  of  potassa ;  the  presence  of 
trifling  traces  of  chloride  of  potassium  or  sulphate  of  potassa  is  of  no 
consequence. 

8.  Arsenious  Aoid. 

The  arsenious  acid  sold  in  the  shops  in  large  pieces,  externally  opaque, 
but  often  still  vitreous  within,  is  generally  quite  pure.  The  purity  of  the 
article  is  tested  by  moderately  heating  it  in  a  glass  tube,  open  at  both  ends, 
through  which  a  feeble  current  of  air  is  transmitted.  Pure  arsenious 
acid  must  completely  volatilize  in  this  process ;  no  residue  must  be  left  in 
the  tube  upon  the  expulsion  of  the  sublimate  from  it.  If  a  non-volatile 
residue  is  left  which,  when  heated  in  a  current  of  hydrogen  gas,  turns 
black,  the  arsenious  acid  contains  teroxide  of  antimony,  and  is  unfit  for 
use  in  analytical  processes.  Dissolve  about  10  grms.  of  the  arsenious  acid 
to  be  tested  in  soda,  and  add  1 — 2  drops  acetate  of  lead.  If  a  brownish 
color  is  produced,  the  ardenious  acid  contains  sulphide  of  arsenic  and 
cannot  be  used.  Arsenious  acid  is  employed,  in  form  of  arsenite  of  soda, 
to  determine  hypochlorous  acid,  fr«e  chlorine,  iodine,  ko, 

9.  Chloride  of  Sodium. 

Perfectly  pure  rock-salt  is  best  suited  for  analytical  purposes.  It  must 
dissolve  in  water  to  a  clear  fluid ;  oxalate  of  ammonia,  phosphate  of  soda, 
aud  chloride  of  barium  must  not  trouble  the  solution.  Pure  chloride  of 
sodium  may  be  prepared  also  by  Margueritte^s  process,  viz.,  conduct  into 
a  concentrated  solution  of  common  salt  hydrochloric  gas  to  saturation, 
collect  the  small  crystals  of  chloride  of  sodium  which  separate  on  a  fun- 
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nel,  let  thAin  tlioroughly  drain,  wash  with  hydrochloric  add,  a&d  dry  the 
chloride  of  sodium  finally  in  a  porcelain  dish,  until  the  hydrochloric  add 
adhering  to  it  has  completely  evaporated.  The  mother-liquor,  which 
contains  the  small  quantities  of  sulphate  of  lime,  chloride  of  magnesiiuii, 
&c.y  originally  present  in  the  salt,  is  at  the  next  preparation  of  hydro- 
chloric acid  added  to  the  ingredients  in  the  retort,  instead  of  a  cozre- 
sponding  portion  of  water. 

Vses, — Chloride  of  sodium  serves  as  a  volumetric  precipitatixig  ageol 
in  the  determination  of  silver,  and  also  to  determine  tiie  strength  of  soln 
tions  of  silver  intended  for  the  ^timation  of  chlorine.  We  usually  fiue 
it  before  weighing.  The  operation  must  be  conducted  with  caution,  and 
must  not  be  continued  longer  than  necessary ;  for  if  the  gas-flame  acti 
on  the  salt,  hydrochloric  acid  escapes,  while  carbonate  of  soda  is  formed. 

10.  Metallio  Silveb. 

The  silver  obtained  by  the  proper  reduction  of  the  pure  chloride  of 
the  metal  alone  can  be  called  chemically  pure.  The  silver  precipitated 
by  copper  is  never  absolutely  pure,  but  contains  generally  about  j-fn 
of  copper. 

Chemically  pure  silver  is  only  ysed  in  small  quantity  to  prepare  the 
dilute  solution  employed  for  the  determination  of  silver.  The  solution 
of  silver  required  for  the  estimation  of  chlorine  need  not  be  made  with 
absolutely  pure  silver,  as  the  strength  of  this  solution  had  always  bert 
be  determined  afier  the  preparation,  by  means  of  pure  chloride  of  sodium. 


D.  REAGENTS  USED  IN  ORGANIC  ANALYSIS. 

§66. 

1.  Oxide  op  Copper. 

Preparation. — Stir  pure*  copper  scales  (which  should  first  be  ignited 
in  a  muffle)  with  pure  nitric  acid  in  a  porcelain  dish  to  a  thick  paste; 
after  the  effervescence  has  ceased,  heat  gently  on  the  sand-bath  un- 
til the  mass  is  perfectly  dry.  Transfer  the  green  basic  salt  produced  to 
a  Hessian  crucible,  and  heat  to  a  moderate  redness,  until  no  more  fumei 
of  hyponitric  acid  escape ;  this  may  be  known  by  the  smell,  or  by  intro- 
ducing a  small  portion  of  the  mass  into  a  test  tube,  closing  the  latter 
with  the  finger,  heating  to  redness,  and  then  looking  through  the  tobt 
lengthways.  The  uniform  decomposition  of  the  salt  in  the  crucible  may 
be  promoted  by  stirring  the  mass  from  time  to  time  with  a  hot  glass  rod. 
When  the  crucible  has  cooled  a  little,  reduce  the  mass,  which  now  oosi* 
sists  of  pure  oxide  of  copper,  to  a  tolerably  fine  powder,  by  trituratiiig 
it  in  a  bi*ass  or  porcelain  mortar ;  pass  through  a  metal  sieve,  and  keep 
in  a  well-stoppei*ed  bottle  for  use.  It  is  always  advisable  to  leave  a 
small  portion  of  the  oxide  in  the  crucible,  and  to  expose  this  again  to  aa 
intense  red  heat.  This  agglutinated  portion  is  not  pounded,  but  mmDif 
broken  into  small  fragments. 


*  If  the  scales  contain  lime,  digest  them  with  water,  containing  a  Uttle  niftrii 
add,  for  a  long  time,  wash,  and  then  proceed  as  above. 
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!rTwto.— Pure  oxide  of  copper  is  a  compact,  heavy,  deep-black  pow- 
der, gritty  to  the  touch ;  upon  exposure  to  a  red  heat  it  must  evolve  no 
hypinitric  acid  fumes,  nor  carbonic  acid;  the  latter  would  indicate 
presence  of  fragments  of  charcoal,  or  particles  of  dust.  It  must  contain 
nothing  soluble  in  water.  That  portion  of  the  oxide  which  has  been  ex- 
po8e«i  to  an  intense  red  heat  should  be  hard,  and  of  a  grayish-black  color. 

Uitea, — Oxide  of  copper  serves  to  oxidize  the  carbon  and  hydrogen  of 
orgamc  substances,  yielding  up  its  oxygen  wholly  or  in  part,  according 
to  cLro'tmstances.  That  portion  of  the  oxide  which  has  been  heated  to 
the  moit  intense  redness  is  particularly  useful  in  the  analysis  of  volatile 
fluids. 

N.B.  The  oxide  of  copper,  after  use,  may  be  regenerated  by  oxidation 
with  nitdc  acid,  and  subsequent  ignition.  Should  it  have  become  mixed 
with  alk)  dine  salts  in  the  course  of  the  anal3rtical  process,  it  is  first  digested 
with  veiy  dilute  cold  nitric  acid,  and  washed  afterwards  with  water.  To 
purify  oxide  of  copper  containing  chloride,  E.  Erlenmeyer  recommends 
to  ignite  it  in  a  tube,  first  in  a  stream  of  moist  air,  and  finally,  when  the 
escaping  gas  ceases  to  redden  litmus  paper,  in  dry  air.  By^hese  opera- 
tions any  oxides  of  nitrogen  that  may  have  remained  are  also  removed. 

2.  Chrgmate  of  Lead. 

Preparation, — Precipitate  a  clear  filtered  solution  of  acetate  of  lead, 
slightly  acidulated  with  acetic  acid,  with  a  small  excess  of  bichromate  of 
potassa ;  wash  the  precipitate  by  decantation,  and  at  last  thorovgldy  on 
a  linen  strainer ;  dry,  put  in  a  Hessian  crucible,  and  heat  to  bright 
redness  until  the  mass  is  fairly  in  fusion.  Pour  out  upon  a  stone  slab  or 
iron  plate,  break,  pulverize,  pass  through  a  fine  metallic  sieve,  and  keep 
the  tolerably  fine  powder  for  use. 

Tests. — Chromate  of  lead  is  a  heavy  powder,  of  a  dirty  yellowish-brown 
color.  It  must  evolve  no  carbonic  acid  upon  the  application  of  a  red  heat ; 
the  evolution  of  carbonic  acid  would  indicate  contamination  with  organic 
matter,  dust,  <&c.     It  must  contain  nothing  soluble  in  water. 

Uses, — Chromate  of  lead  serves,  the  same  as  oxide  of  copper,  for  the 
combustion  of  organic  substances.  It  is  converted,  in  the  process  of  com- 
bustion, into  sesquioxide  of  chromium  and  basic  chromate  of  lead.  It 
suffers  the  same  decomposition,  with  evolution  of  oxygen,  when  heated 
by  itself  above  its  point  of  fusion.  The  property  of  chromate  of  lead  to 
fuse  at  a  red  heat  renders  it  preferable  to  oxide  of  copper  as  an  oxidizing 
agent,  in  cases  where  we  have  to  act  upon  difficultly  combustible  sub- 
stances. 

N.B.  Chromate  of  lead  may  be  used  a  second  time.  For  this  purpose 
it  is  fused  again  (being  first  roasted,  if  necessary),  and  then  powdered. 
After  having  been  twice  used  it  is  powdered,  moistened  with  nitric  acid, 
dried,  and  fused.  In  tliis  way  the  chromate  of  lead  may  be  used  over  and 
over  again  indefinitely  (Vohl*). 

3.  Oxygen  Gas. 

Preparation, — ^Triturate  100  grammes  of  chlorate  of  potassa  with 
exactly  0*1  grm.  of  finely-powdered  sesquioxide  of  iron,  and  introduce 
the  mixture  into  a  plain  retort,  which  must  not  be  more  than  half  full ; 
expose  the  retort,  over  a  charcoal  fire,  at  first  to  a  gentle,  and  then  to  a 

*  Annalen  d.  Chem.  u.  Phorm.,  106,  127. 

i 
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gradually  increased  heat.  As  soon  sm  the  salt  begins  to  fuse,  shake  the 
retort  a  little,  that  the  contents  may  be  uniformly  heated.  The  evolution 
of  oxygen  speedily  commences,  and  proceeds  i*apidly,but  not  impetuously, 
provided  the  above  proportion  between  the  chlorate  of  potasaa  and  the 
sesquioxide  of  iron  be  adhered  to.  As  soon  as  the  air  is  expelled  from 
the  retort,  connect  the  glass  tube,  fixed  in  the  neck  of  the  retort  by  means 
of  a  tight-fitting  perforated  cork,  with  an  indiarrubber  tube  inserted  into 
the  lower  orifice  of  the  gasometer ;  the  glass  tube  must  be  sufficientlj 
wide,  and  there  must  be  sufiicient  space  left  around  the  india-rubber  to 
permit  the  free  efllux  of  the  displaced  water.  Continue  the  application 
of  heat  to  the  retort  until,  incipient  redness  having  been  reached,  the 
evolution  of  gas  has  altogether  or  very  nearly  ceased.  It  is  advisable 
to  coat  the  retort  up  to  the  middle  of  the  body  with  several  layers  of  a 
thin  paste  made  of  clay  and  water,  with  addition  of  a  little  carbonate  of 
soda  or  borax. 

100  grammes  of  chlorate  of  potassa  give  about  27  litres  of  oxygen  gas. 

The  oxygen  gas  produced  by  this  process  is  moist,  and  may  contain 
traces  of  carbonic  acid  gas,  and  also  of  chlorine.  The  gas  prepared  firom 
a  mixture  of  chlorate  of  potassa  with  a  comparatively  lai^e  proportion  of 
binoxide  of  manganese  always  contains  a  rather  considerable  quantity  of 
chlorine  gas.  These  impurities  must  be  removed,  and  the  oxygen  gas 
thoroughly  dried,  before  it  can  be  used  in  elementaiy  organic  analysis. 
The  gas  is  therefore  passed  from  the  gasometer,  first  through  a  Liebio's 
bulb-apparatus  filled  with  solution  of  potassa  of  1  '27  sp.  gr.,  then  through 
a  U-tube  containing  pumice-stone,  moistened  with  sulphiuric  acid,  after- 
wards through  sevei-al  tubes  filled  with  hydrate  of  potassa,  and  lastly 
through  a  chloride  of  calcium  tube. 

Tests, — A  chip  of  wood  which  has  been  kindled  and  blown  out,  so  ai 
to  leave  a  spark  at  the  extremity,  must  immediately  burst  into  flame  in  a 
current  of  oxygen  gas.  The  gas  must  not  trouble  lime-water,  nor  solution 
of  nitrate  of  silver  when  transmitted  through  these  fluids. 

4.  Soda-lime. 

JPreparatmn. — Take  ordinary  solution  of  soda,  ascertain  its  specific 
gravity,  weigh  out  a  certain  quantity,  calculate  by  means  of  the  table, 
§  200,  the  weight  of  the  hydrate  of  soda  that  must  be  present,  add  twice 
this  latter  weight  of  the  best  quick-lime,  and  then  evajwrate  to  dr3me88 
ill  an  iron  vessel.  Heat  the  residue  in  an  iron  or  Hessian  crucible,  keep 
for  some  time  at  a  low  red  heat,  and  reduce  the  mass,  whilst  still  warm, 
to  a  tolerably  fine  powdtn*,  by  pounding  and  sifting  through  a  metallic 
sieve.     Keep  the  powder  in  a  well -stoppered  bottle. 

Tests. — Soda-lime  must  not  eft'ervesce  too  much  when  treated  with 
dilute  hydrochloiic  acid  in  excess ;  but,  more  particularly,  it  must  not 
evolve  ammonia  when  mixed  with  pure  sugar,  and  heated  to  redness. 
It  must  not  swell  and  fuse  so  readily  as  to  obstruct  the  bore  of  a  tube 
when  heated  to  low  redness,  nor  must  it  remain  infusible  and  but 
loosely  coherent  aft«r  exposure  to  a  bright  red-heat.  The  former  diflS- 
culty  may  be  remedied  by  mixture  with  dry  slaked  lime,  the  latter  by 
mixing  with  a  portion  of  insufficiently  ignited  soda-lime  kept  in  reserve 
for  this  purpose. 

Uses. — Sodarlime  serves  for  the  analysis  of  nitrogenous  organic  sub- 
stances. For  the  rationcUe  of  its  action,  see  the  chapter  on  Organio 
Analysis. 
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5.  Metallic  Coppeb. 

Metallic  copper  serves,  in  the  analysis  of  nitrogenous  substances,  to 
efiect  the  reduction  of  the  nitric  oxide  gas  that  may  form  in  the  coui'se 
of  the  analytical  process. 

It  is  used  either  in  the  form  of  turnings,  or  in  that  of  close  wire  spinils ; 
or  of  small  rolb  made  of  thin  sheet  copper.  A  length  of  from  7  to  10 
centimetres  is  given  to  the  spirals  or  rolls,  and  just  sufficient  thickness 
to  admit  of  their  being  inserted  into  the  combustion  tube.  To  have  it 
perfectly  free  from  dust,  oxide,  &c.,  it  is  first  heated  to  redness  in  the 
open  air,  in  a  crucible,  until  the  surface  is  oxidized  ;  it  is  then  put  into 
a  glass  or  porcelain  tube,  through  which  an  uninterinipted  current  of 
dry  hydrogen  gas  is  transmitted ;  and  when  all  atmospheric  air  has  been 
expelled  from,  the  evolution^  apparatus  and  the  tube,  the  latter  is  in  its 
whole  length  heated  to  redness.  The  operator  should  make  sure  that 
the  atmospheric  air  has  been  thoroughly  expelled,  before  he  proceeds 
to  apply  heat  to  the  tube ;  neglect  of  this  precaution  may  lead  to  an 
explosion* 

6.    POTASSA. 

€».  Solution  of  Potassa, 

Solution  of  potassa  is  prepared  from  the  carbonate,  with  the  aid  of 
milk  of  lime,  in  the  way  described  in  the  "  Qualitative  Analysis,"  for 
the  preparation  of  solution  of  soda.  The  proportions  are — 1  part  of 
carbonate  of  potassa  to  12  parts  of  water,  and  |  part  of  lime,  slaked  to 
paste  with  three  times  the  quantity  of  warm  water. 

The  decanted  clear  solution  is  evaporated,  in  an  iron  vessel,  over  a 
strong  fire,  until  it  has  a  specific  gravity  of  1*27  ;  it  is  then,  whilst  still 
warm,  poured  into  a  bottle,  which  is  well  closed,  and  allowed  to  stand 
at  rest  until  all  solid  particles  have  subsided.  The  clear  solution  is 
finally  drawn  off  from  the  deposit,  and  kept  for  use. 

5.  Hydrate  of  Potassa  (conmion). 

Tlie  commercial  hydrate  of  potassa  in  sticks  will  answer  the  purpose. 
If  you  wish  to  prepare  it,  evaporate  solution  of  potassa  (a)  in  a  silver 
vessel,  over  a  strong  fire,  until  the  residuary  hydrate  flows  like  oil,  and 
white  fumes  begin  to  rise  from  the  surface.  Pour  the  fused  mass  out 
on  a  clean  iron  plate,  and  break  it  up  into  small  pieces.  Keep  in  a 
well-stoppered  bottle  for  use. 

c.  HydraJts  of  Potassa  (purified  with  alcohol),  see  "  Qual.  Anal.'* 
p.  43. 

TTsts. — Solution  of  potassa  serves  for  the  absorption,  and  at  the  same 
time  for  the  estimation  of  carbonic  acid.  In  many  cases,  a  tube  filled 
with  hydrate  of  potassa  is  used,  in  addition  to  the  apparatus  filled  with 
solution  of  potassa.  Hydrate  of  potassa  purified  with  alcohol,  which 
is  perfectly  free  from  sulphate  of  potassa,  is  employed  for  the  determi- 
nation of  sulphur  in  organic  substances. 

7.  Chloride  of  Caloium. 

a.    Crude  fused  Chloride  of  Ccdcvwm, 
Preparaium. — ^Digest,  with  warm  water,  the  residuary  mixture  of 

574701 
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chloride  of  calcium  and  lime  which  remaiiis  after  the  preparation  of 
ammonia ;  filter,  ueiitralize  the  alkaline  filtrate  exactly  with  hydrochlo- 
ric acid,  and  evaporate  to  dryness  in  an  iron  pan ;  fuse  the  residue  in 
an  iron  or  Hessian  crucible,  pour  out  the  fused  mass,  and  break  intc 
pieces.     Preserve  it  in  well-stoppered  bottles. 

b,  JPure  Chloride  of  Calcvwm, 

Preparation, — Dissolve  the  crude  chloride  of  calcium  of  a  in  lime- 
water,  filter  the  solution,  and  neutralize  exactly  with  hydrochloric  acid ; 
evaporate,  in  a  porcelain  dish,  to  dryness,  and  expose  the  residue  for 
several  hours  to  a  tolerably  strong  heat  (about  200°),  on  the  sand-bath. 
The  white  and  porous  mass  obtained  by  this  process  consists  of  Ca  CI 
-f  2aq. 

Uses, — The  crude  fused  chloride  of  calcium  serves  to  dry  moist 
gases  ;  the  pure  chloride  is  used  in  elementary  organic  analysis  for  the 
absorption  and  estimation  of  the  water  formed  by  the  hydrogen  con- 
tained in  the  analyzed  substance.  The  solution  of  the  pure  chloride  of 
calcium  must  not  show  an  alkaline  reaction. 

8.  Bichromate  of  Potassa. 

Bichromate  of  potassa  of  commerce  is  purified  by  repeated  recrystal- 
lization,  until  chloride  of  barium  pro<luces,  in  the  solution  of  a  sample 
of  it  in  water,  a  precipitate  which  completely  dissolves  in  hydrochloiic 
acid.  Bichromate  of  potassa  thus  perfectly  &ee  from  sulphuric  acid  is 
required  more  particularly  for  the  oxidation  of  organic  substances  with 
a  view  to  the  estimation  of  the  sulphur  contained  in  them.  Where  the 
salt  is  intended  for  other  purposes,  e,g,y  to  determine  the  carbon  of  or> 
ganic  bodies,  by  heating  them  with  chromate  of  potassa  and  sulphune 
acid,  one  recrystallization  is  sufficient. 


SECTION    III. 

FORMS  AND  COMBINATIONS  IN  WHICH  SUBSTANCES 
ARE  SEPARATED  FROM  EACH  OTHER,  OR  IN  WHICH 
THEIR  WEIGHT  IS  DETERMINED. 

§67. 

The  quantitative  analysis  of  a  compound  substance  requires,  as  the  first 
and  most  indispensable  condition,  a  correct  and  accurate  knowledge  of 
the  composition  and  properties  of  the  new  combinations  into  which  it  is 
intended  to  convert  its  several  individual  constituents,  for  the  purpose 
of  separating  them  from  one  another,  and  determining  their  seveml 
weights.  Regarding  the  properties  of  the  new  compounds,  we  have  to 
inquire  more  particularly,  in  the  first  place,  how  they  behave  with  sol- 
vents ;  secondly,  what  is  their  deportment  in  the  air ;  and,  thirdly,  what 
is  their  behavior  on  ignition  ?  It  may  be  laid  down  as  a  general  rule, 
that  compounds  are  the  better  adapted  for  quantitative  determination 
the  more  insoluble  they  are,  and  the  less  alteration  they  undergo  upon 
exi>osure  to  aii'  or  to  a  high  temperature. 

The  composition  of  bodies  is  expressed  either  in  per-cents,  or  in  stoi- 
chiometiical  or  symbolic  formulae ;  by  means  of  the  latter,  the  consti- 
tution of  the  more  frequently  recurring  compounds  may  be  easily  re- 
membered. In  this  Section  the  composition  of  the  substances  treated 
of  Ls  given  in  three  difierent  ways,  in  as  many  columns :  the  first  colunm 
gives  the  composition  of  the  substance  in  symbols ;  the  second,  in  equi- 
valents (H  =  1)  ;  the  third,  in  per-cents.  With  respect  to  its  composi- 
tion, a  compound  is  the  better  adapted  for  the  quantitative  determina- 
tion of  a  body  the  less  it  contains  relatively  of  that  body  ;  since  any  eiTor 
or  loss  of  substance  that  may  occur  in  the  course  of  the  analytical  pro- 
cess will  exercise  the  less  influence  upon  the  accuracy  of  the  results. 
Thus,  ammonio-bichloride  of  platinum,  for  instance,  is,  in  this  respect, 
better  adapted  than  chloride  of  ammonium  for  the  determination  of 
nitrogen;  since  the  former  contains  only  6*27  per  cent.,  while  the  latter 
contains  26.2  per  cent,  of  the  element  in  question. 

Suppose  we  have  to  analyze  a  nitrogenous  substance  ; — ^we  estimate  its 
nitrogen  in  the  form  of  bichloride  of  platinum  and  chloriderof  ammonium. 
When  the  process  is  conducted  with  absolute  accuracy,  0'300  gv^\,  of 
the  analyzed  body  yields  1*000  grm.  of  ammonio-bichloride  of  platinum: 
100  parts  of  this  double  chloride  contain  6*27  parts  of  nitrogen,  1*000 
contains  therefore  0*0627  of  that  element.  These  0*0627  have  been  de- 
rived from  0*300  of  substance ;  100  parts  of  the  analyzed  body,  conse- 
quently, contain  20*90  of  nitrogen. 

We  now  make  a  second  analysis,  in  which  we  convert  the  nitrogen  of 
the  substance  to  be  analyzed  into  chloride  of  ammonium,  instead  of 
bichloride  of  platinum  and  chloride  of  ammonium:  we  again  con- 
duct   he  process  with  absolute  accuracy,  and  obtain  from  0*300  of  the 
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substance  under  examination,  0*2394  of  chloride  of  ammonium,  corre* 
b])oncling  to  0*0627  of  nitrogen,  or  20*90  per  cant. 

Now,  let  lis  assume  a  loss  of  10  milligrammes  to  have  occun'ed  in 
each  process: — this  will  alter  the  result,  in  the  first  instance,  from  1*000 
to  0*990  of  bichloride  of  platinum  and  chloride  of  ammonium,  corre- 
sponding to  0*062073  of  nitrogen,  or  20*69  per  cent. ;  the  loss  of  nitrogen 
wiU  therefore  be  20*90-  20*69=0*21. 

In  the  second  instance  the  result  will  be  altered  from  0*2394  to  0*2294 
of  chloride  of  ammonium,  corresponding  to  0*0601  of  nitrogen,  or  20.03 
per  cent.     The  loss  in  this  case  will  consequently  amount  to  0'87. 

We  see  here  that  the  same  error  occasions,  in  the  one  case,  a  loss  of 
0*21  per  cent.,  with  respect  to  the  amount  of  nitrogen;  whilst,  in  the 
other  case,  the  loss  amounts  to  0*87  per  cent. 

We  will  now  proceed  to  enumerate  and  examine  those  combinatioiis 
of  the  several  bodies  which  are  best  adapted  for  their  quantitative 
determination.  The  description  given  of  the  external  form  and  appear- 
ance of  the  new  compounds  relates  more  particularly  to  the  state  in 
which  they  are  obtained  in  our  analyses.  With  regard  to  the  proper- 
ties of  the  new  compounds,  we  shall  confine  ourselves  to  the  enumeration 
of  those  which  bear  upon  the  special  object  we  have  more  immediately 
in  view. 

A. — Forms  in  which  the  bases  are  weighed  or  precipitated. 

BASES  OF  THE  FIRST   GROUP.     , 

§68. 

1.  Potass  A  (or  Potash). 

The  combinations  best  suited  for  the  weighing  of  potassa  are,  sul- 
phate OF  potassa,  chloride  of  potassium,  bichloride  of  platinum 
AND  chloride  OF  POTASSIUM  (Potassio-Bichloridc  of  Platinum). 

a.  Suljyliate  of  potassa^  in  the  analytical  process,  is  obtained  as  a 
white  crystalline  mass.  It  dissolves  with  some  difliculty  in  water  (1 
pai*t  requiring  10  parts  of  water  of  12°),  it  is  almost  absolutely  insoluble 
in  pure  alcohol,  but  slightly  more  soluble  in  alcohol  containing  sulphuric 
acid  (Expt.  No.  6).  It  does  not  affect  vegetable  colore ;  it  is  unalter- 
able in  the  air.  The  crystals  decrepitate  strongly  when  heated.  When 
very  strongly  ignited  for  a  long  time  the  salt  loses  weight  a  little,  even 
when  reducing  gases  are  excluded, — the  residue  possesses  an  alkaline  re- 
action. When  exposed  to  a  red  heat,  in  conjunction  with  chloride  of 
ammonium,  sulphate  of  potassa  is  partly,  and,  upon  repeated  applicatioii 
of  the  process,  wholly,  convei*ted,  with  eflervescence,  into  chloride  of 
potassium  (H.  Rose). 

composition. 

K  O 47*11  54*08 

S  O3 40*00  45*92 


87*11  100*00 

Bisulphate  of  potassa  (K  O,  S  Og-hH  O,  S  O.,),  which  is  always  pro- 
duced when  the  neutral  salt  is  evaporated  to  drjTiess  with  free  sulphuric 
acid,  is  readily  soluble  in  water,  and  fu8i))le  even  at  a  moderate  heat.  At 
a  red  heat  it  loses  half  its  sulphuric  acid,  together  with  the  basic  water, 
but  not  readily — the  complete  conversion  of  the  acid  into  the  neutnJ 
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salt  lequiring  tlie  long-oontinued  application  of  an  intense  red  heat. 
Howi»ver,  when  heated  in  an  atmosphere  of  carbonate  of  ammonia — 
which  may  be  readily  procured  by  repeatedly  throwing  into  the  faint 
red-hot  crucible  containing  the  bisulphate,  small  lumj)S  of  pure  carbonate 
of  ammonia,  and  putting  on  the  lid — the  acid  salt  changes  readily  and 
quickly  to  the  neutral  sulphate.  The  transfonnation  may  be  considered 
complete  as  soon  as  the  salt,  which  was  so  readily  fusible  before,  assumes 
the  solid  state,  at  a  faint  red  heat. 

b,  CJdoride  of  potassium  is  obtained  in  analysis  as  cubic  crystals,  or  as 
a  crystalline  mass.  It  is  readily  soluble  in  water,  but  much  less  so  in 
dilute  hydrochloric  acid  ;  in  absolute  alcohol  it  is  nearly  insoluble,  and 
but  slightly  soluble  in  spirit  of  wine.  It  does  not  affect  vegetable  colors, 
and  is  unalterable  in  the  air.  When  heated  it  decrepitates,  imless  it  has 
been  kept  long  drying,  with  expulsion  of  a  little  water  mechanically  con- 
fined in  it.  At  a  moderate  red  heat  it  fuses  unaltered,  and  without 
diminution  of  weight ;  when  exposed  to  a  higher  temperature,  it  volatilizes 
in  white  fumes ;  this  volatilization  proceeds  the  more  slowly,  the  more 
effectually  the  access  of  air  is  prevented  (Expt.  No.  7).  When  repeat- 
edly evaporated  with  solution  of  oxalic  acid  in  excess,  it  is  converted  in- 
to oxalate  of  potassa.  When  evaporated  with  excess  of  nitric  acid,  it  is 
converted  readily  and  completely  into  nitrate.  On  ignition  with  oxalate 
of  ammonia,  carbonate  of  potassa  and  cyanide  of  potassium  are  formed  in 
noticeable  quantities. 


K 

CI 

39-11 

35-46 

52-45 
47-55 

74-57  100-00 

c.  bichloride  ofplcUinum  and  Morirle  of  potassium  (Potassio-bichlo- 
ride  of  Platinum)  presents  either  small  reddish-yellow  octahedra,  or  a 
lemon-colored  powder.  It  is  difficultly  soluble  in  cold,  more  readily  in 
hot  water ;  nearly  insoluble  in  absolute  alcohol,  and  but  sparingly  sol- 
uble in  spirit  of  wine — one  part  requiring  for  its  solution,  respectively, 
12083  parts  of  absolute  alcohol,  3775  parts  of  spirit  of  wine  of  7G  per  cent, 
and  1053  parts  of  spirit  of  wine  of  55  per  cent.  (Expt.  No.  8^  a). 
Presence  of  free  hydrochloric  acid  sensibly  increa.ses  the  solxtbility 
(Expt.  No.  8,  6).  In  caustic  potassa  it  dissolves  completely  to  a  yellow 
fluid.  It  is  unalterable  in  the  air,  and  at  100°.  On  exposiu-e  to  an  in- 
tense red  heat,  2  eq.  of  chlorine  escape,  metallic  platinum  and  chloride 
of  potassium  being  left;  but  even  after  long-continued  fusion,  there 
remains  always  a  little  potassio-bichloride  of  platinum  which  resists 
decomposition.  Complete  decomposition  is  easily  effected,  by  igniting 
the  double  salt  in  a  ciUTent  of  hydrogen  gas,  or  with  some  oxalic  acid. 

K 39-11      16-00       Ka 74-57      30-51 

Pt 98-94     40-48       Pt  CI, 169-86      69-49 

CI, 106-38     43-52 


244-43    100-00  244-43    100-00 

§69. 
2.  Soda. 
Soda  is  usually  weighed  as  sulphate  of  soda,  chloride  of  sodiuMj 
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or  CARBONATE  OF  SODA.     It  is  Separated  from  potasaa  in  the  form  of 

80DlO-BICH^X)RIDE  OF  PLATINUM. 

a.  The  anhydrous  neutral  aulpIujUe  of  soda  is  a  white  powder  or  9 
white  very  friable  mass.  It  dissolves  readily  in  water;  but  is  sparinglj 
soluble  in  absolute  alcohol ;  presence  of  free  sulphuric  acid  slightly  in- 
creiises  its  solubility  in  that  menstruum ;  it  is  somewhat  more  residily 
soluble  in  spirit  of  wine  (Expt.  No.  9).  It  does  not  affect  vegetable 
colors ;  upon  exposure  to  moist  air,  it  slowly  absorbs  water  (Expt.  No. 
10).  When  heated  to  fusion,  it  scarcely  loses  weight,  but  when  exposed 
to  a  white  heat  for  a  long  time,  it  decidedly  loses  weight,  even  when 
reducing  gases  are  excluded ;  the  residue  then  shows  a  slight  alkaliiM 
reaction.  When  ignited  with  chloride  of  ammonium,  it  comports  itself 
the  same  as  sulphate  of  potassa  under  similar  circumstances. 

Na  0 31  43-66 

SO3 40  56-34 
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Bisulphate  of  soda  (Na  O,  S  O3  -f  H  O,  S  O3),  which  is  always  pro- 
duced upon  the  evaporation  of  a  solution  of  the  neutral  salt  with  sul- 
phuric acid  in  excess,  fuses  even  at  a  gentle  heat ;  it  may  be  readilj 
converted  into  the  neutral  salt,  in  the  same  manner  as  the  bisulphate 
of  potassa  is  converted  into  the  neutral  sulphate  (see  §  68,  a). 

b,  Cidorvh  of  sodium  crystallizes  in  cubes.  In  analysis  it  is  fre- 
quently obtained  as  an  amorphous  mass.  It  dissolves  readily  in  water, 
but  is  much  less  soluble  in  hydrochloric  acid  ;  it  is  nearly  insoluble  in  ab- 
solute alcohol,  and  but  sparingly  soluble  in  spirit  of  wine.  100  parts 
of  spirit  of  wine  of  75  per  cent,  dissolve  at  a  temperature  of  15°,  0*7 
part.  It  is  neutral  to  vegetable  colors.  Exposed  to  a  somewhat  moist 
atmosphere,  it  slowly  absorbs  water  (Expt.  No.  12).  Crystals  of  this 
salt  that  have  not  been  kept  drying  a  considerable  time  decrepitate 
when  heated.  The  salt  fuses  at  a  red  heat  without  decomposition ;  at 
a  white  heat,  and  in  open  vessels  even  at  a  bright  red  heat,  it  volati- 
lizes in  white  fumes  (Expt.  No.  13).  If  a  carburetted  hydrogen  flame 
acts  on  fusing  chloride  of  sodium,  hydrochloric  acid  escapes,  and  some 
carbonate  of  soda  is  fonned.  On  evaporation  with  oxalic  or  nitric  acids, 
as  well  as  by  ignition  with  oxalate  of  ammonia,  it  comports  itself  like 
the  corresponding  salt  of  potassa. 

Na 23-00  39-34 

CI 35-46  60-66 


58-46  100-00 

c.  Anhydrous  carbonate  of  soda  is  a  white  powder  or  a  white  Tery 
friable  mass.  It  dissolves  readily  in  water,  but  much  less  so  in  solu- 
tion of  ammonia  (Margueritte)  ;  it  is  insoluble  in  alcohol.  Its  r^ 
action  is  strongly  alkaline.  Exposed  to  the  air,  it  absorbs  water  slow- 
ly. On  moderate  ignition  to  incipient  fusion  it  scarcely  loses  weight; 
on  long  fusion,  however,  it  volatilizes  to  a  considerable  extent  (Comp 
Expt.  14). 

NaO 31  58-49 

0  0, 22  41-51 

63  100-00 
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d.  SoduMMoride  of  platinum  ciystallizes  with  6  equivalents  of 
water  (Na  CI,  Pt  Clg  -f-  6  aq.),  in  light  yellow,  transparent,  prismatic 
crystals  which  dissolve  readily  both  in  water  and  in  spirit  of  wine. 

§70. 
3.  Ammonia. 

Ammonia  is  most  appropriately  weighed  as  chloride  op  ammonium, 
or  as  bichloride  op  platinum  and  chloride  of  ammonium  (ammonio- 
bichloride  of  platinum). 

Under  certain  circumstances,  ammonia  may  also  be  estimated  from 
the  volume  of  the  nitrogen  gas  eliminated  from  it. 

a.  Cidoride  of  ammonium  is  obtained  in  analysis  as  a  white  mass. 
It  dissolves  readily  in  water,  but  difficultly  in  spirit  of  wine.  It  does 
not  alter  vegetable  colors,  and  remains  unaltered  in  the  air.  Solution 
of  chloride  of  ammonium,  when  evaporated  on  the  water-bath,  loses  a 
small  quantity  of  ammonia,  and  becomes  slightly  acid.  The  diminu- 
tion of  weight  occasioned  by  this  loss  of  ammonia  is  very  tiifling 
(Expt.  No.  16).  At  100°  chloride  of  ammonium  loses  nothing,  or  very 
little  of  its  weight  (comp.  same  Expt).  At  a  higher  temperature  it  vo- 
latilizes readily,  and  without  undergoing  decomposition. 


NH, 18-00     33-67 

a 35-46     66-33 


NH, 17-00     31-80 

H  CI 36-46     68-20 


53-46    100-00 


53-46  100-00 


5.  J^ichloride  of  platinum  and  chloride  of  ammoniu/m  (ammonio- 
bichloride  of  platinum)  occurs  either  as  a  heavy  lemon-colored  powder, 
or  in  small,  hard  octahedral  crystals  of  a  bright  yellow  color,  it  is  dif- 
ficultly soluble  in  cold,  but  more  readily  in  hot  water.  It  is  very  spar- 
ingly soluble  in  absolute  alcohol,  but  more  readily  in  spirit  of  wine — 
1  part  requiring  of  absolute  alcohol,  26535  parts  ;  of  spirit  of  wine  of 
76  per  cent.,*  1406  parts  ;  of  spirit  of  wine  of  55  per  cent.,  G65  parts. 
The  presence  of  free  acid  sensibly  increases  its  solubility  (Expt.  No. 
16).  It  remains  unaltered  in  the  air,  and  at  100°.  Upon  ignition  chlo- 
rine and  chloride  of  ammonium  escape,  leaving  the  metallic  platinum  as  a 
porous  mass  (spongy  platinum).  However,  if  due  care  be  not  taken  in 
this  process  to  apply  the  heat  gradually,  the  escaping  frimes  will  carry 
off  particles  of  platinum,  which  will  coat  the  lid  of  the  crucible. 


NH4... 
Pt 

CI. 

18-00 

98-94 

106-38 

8-06 

44-30 

47-64 

NH,  CI. 
Pt  CI,  . . 

223-32 

53-46 
169-86 

100-00 

23-94 
76-06 

NH,.. 

Hca.. 

PtCl,. 

17-00 

36-46 

169-86 

7-61 
16-33 
76-06 

N 

0.4  •   •  .  • 
Pt   .... 

CI..  • .  • 

223-32 

14-00 

4-00 

98-94 

106-38 

10000 

6-27 

1-79 

44-30 

47-64 

223-32 


100-00 


223-32        10000 
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c.  Nitrogen  gas  is  colorless,  tasteless,  and  inodorous  ;  it  mixes  'wiOk 
air  without  producing  the  slightest  coloration  ;  it  does  not  affect  Tege 
table  colors.  Its  specific  gravity  is  0*96978  (air=  1).  One  litre  (ow 
cubic  decimeter)  weighs  at  0°,  and  0*76  meter  of  the  barometer, 
1*25456  grm.  It  is  difficultly  soluble  in  water,  1  volume  of  water  ab- 
sovbing,  at  0°,  and  0*76  pressure,  0*02035  vol. ;  at  10%  0-01607  vol; 
at  15°,  0*01478  vol.  of  nitrogen  gas  (Bunsen). 

BASES   OF   THE   SECOND   GROUP. 

§71. 

1.  Baryta. 
Baryta  is  weighed  as  sulphate  of  baryta,  carbonate  of  baryta,  and 

8ILIC0-FLU0RIDE  OF  BARIUM. 

a.  Artificially  prepared  sidpJiute  of  baryta  presents  the  appearance  of 
a  fine  white  powder.     When  recently  precipitated,  it  is  difficult  to  ob- 
tain a  clear  filtrate,  especially  if  the  precipitation  was  effected  without 
the  aid  of  hoat,  and  the  solution  contains  neither  hydrochloric  acid  nor 
chloride  of  ammonium.     It  is  insoluble  in  cold  and  in  hot  water.    It 
has  a  great  tendency,  upon  precipitation,  to  carry  down  with  it  other 
substances  contained  in  the  solution  from  which  it  separates,  more  pa^ 
ticularly  nitrate  of  baryta,  chloride  of  barium,  sesquioxide  of  iron,  Ac 
These  substances  can  generally  be  completely  removed  only  after  igni- 
tion, by  washing  with  appropriate  solvents.     Even  the  precipitate  ob- 
tained from  a  solution  of  chloride  of  barium  by  means  of  sulphuric  add 
in  excess  contains  traces  of  chloride  of  barium,  which  it  is  impossible  to 
remove,  even  by  wasliing  with  boiling  water,  but  which  are  dissolTod 
by  nitric  acid  (Siegle).     Cold  dilute  acids  dissolve  trifling,  yet  appre- 
ciable traces  of  sulphate  of  baryta  ;     for  instance,  1000  parts  of  nitric 
acid  of  1*032  sp.  gr.  dissolve  0-0G2  parts  of  Ba  O,  S  O3.     Cold  concentra- 
ted acids  dissolve  considerably  more  ;  thus,  1000  parts  of  nitric  acid  of 
1-1G7  sp.  gr.  dissolve  2  parts  of  Ba  O,  S  O3  (Calvert).     Boiling  hydro- 
chloric acid  also  dissolves  appreciable  traces  ;  thus  230  c.  c.  of  hydro 
chloric  acid  of  1*02  sp.  gr.  were  found,  after  a  quarter  of  an  hour^s  boil 
ing  with  0'G79  grm.  of  sulphate  of  baryta,  to  have  dissolved  of  it  0*048 
grm.     Acetic  acid  dissolves  less  sul})liate  of  baryta  than  the  other  acids; 
thus,  80  c.  c.  of  acetic  acid  of  1*02  sp.  gr.  were  found,  after  a  quarter  of 
an  hour's  boiling  with  0*4  grm.  of  BaO,  S  O3,  to  have  dissolved  only  0*002 
grm.  (Sie(;le).     Free   chlorine  considerably  increases  the  solubility  d 
sulphate  of  baryta  (O.  L.  Erdmann).     Several  salts  more  particularly 
interfere  with  the  precipitation  of  baryta  by  sulphuric  acid.     I  observed 
this  some  time  ago  with  chloride  of  magnesium,  but  nitrate  of  ammonia 
(Mittentzwey)  and  alkaline  citrates  (Spiller)  possess  this  property  in 
a  high  degree.     In  the  last  case  the  precipitate  appears  on  the  addition 
of  hydrochloric  acid.     If  a  fluid  contains  metaphosphoric  acid,  baryta 
cannot  be  completely  i)recipitated  out  of  it  by  means  of  sulphuric  acid ; 
the  resulting  precipitate  too  is  not  pure,  but  contains  phosphoric  acid 
(SdiEERER,  Rube).     Sulphate  of  baryta  remains  quite  unaltered  in  the 
air  at  100°,  and  even  at  a  red  heat.     On  ignition  with  charcoal,  or  un- 
der the  influence  of  reducing  gases,  it  is  converted  comparatively  easily, 
but  as  a  rule  only  partially,  into  sulphide  of  barium.     On  ignition  with 
chloride  of  ammonium,  sulphate  of  baryta  undergoes  partial  docompo 
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sition.  It  is  not  affected,  or  affected  but  v<ry  slightly,  by  cold  solu- 
tions of  alkaline  bicarbonates  or  of  carbonate  of  ammonia  ;  solutions  of 
the  monocarbonates  of  the  fixed  alkalies  when  cold  have  only  a  slight 
decomposing  action  upon  it ;  but  when  boiling,  and  upon  repeated  ap- 
plication, they  effect  at  last  the  complete  decomposition  of  the  salt  (H. 
Rose).  By  fusion  with  alkaline  carbonates,  sulphate  of  baiyta  is  readily 
decomposed. 

BaO 76-5  65-67 

SO, 40-0  34-33 


116-5  100-00 

h.  Artificially  prepared  carbonate  of  baryta  is  a  white  powder.  It 
dissolves  in  14137  parts  of  cold,  and  in  15421  parts  of  boiling  water 
(Expt.  No.  17).  It  dissolves  far  more  readily  in  solutions  of  chloride 
of  ammonium  or  nitrate  of  ammonia ;  from  these  solutions  it  is,  how- 
ever, precipitated  again,  though  not  completely,  by  caustic  ammonia. 
In  water  containing  free  carbonic  acid,  carbonate  of  baryta  dissolves  to 
bicarbonate.  In  water  containing  ammonia  and  carbonate  of  ammonia,  it 
is  nearly  insoluble,  one  part  requiring  about  141000  parts  (Expt.  No.18). 

Its  solution  in  water  has  a  very  faint  alkaline  reaction.  Alkaline 
citrates  and  metaphosphates  impede  the  precipitation  of  baryta  by  car- 
Ixmate  of  ammonia.  It  is  unalterable  in  the  air,  and  at  a  red  heat. 
When  exposed  to  the  strongest  heat  of  a  blast-furnace,  it  slowly  yields 
up  the  whole  of  its  carbonic  acid ;  this  expulsion  of  the  carbonic  acid  is 
promoted  by  the  simultaneous  action  of  aqueous  vapor.  Upon  heating 
it  to  redness  with  charcoal,  caustic  baryta  is  formed,  with  evolution  of 
carbonic  oxide  gas. 

BaO 76-5  7767 

CO, 220  22-33 

98-5  10000 

€.  SUico-fluorids  of  barium  forms  smaU,  hard,  and  colorless  crystals, 
or  (more  generally)  a  crystalline  powder.  It  dissolves  in  3800  parts 
of  cold  water;  in  hot  water  it  is  more  readily  soluble  (Expt.  No.  19). 
The  presence  of  free  hydrochloric  acid  increases  its  solubility  considera- 
bly (Expt.  No.  20).  Chloride  of  ammonium  acts  also  in  the  same  way 
(1  part  silico-fluoride  of  barium  dissolves  in  428  parts  of  saturated,  and 
589  parts  of  dilute  solution  of  chloride  of  ammonium.  J.  W.  Mallet). 
In  spirit  of  wine  it  is  almost  insoluble.  It  is  unalterable  in  the  air,  and 
at  100°  ;  when  ignited,  it  is  decomposed  into  fluoride  of  silicon,  which 
escapes,  and  fluoride  of  barium,  which  remains. 

Ba  Fl  ......    87-5         62-72  Ba. 68-5         49-10 

SiFL 52-0         37-28  Si 14-0         10-04 

Fl, 57-0         40-86 

139-5      100-00  139-5       100-00 

§72. 
2.  Strontia. 
Strontia  is  weighed  either  as  sulphate  of  strontia,  or  as  carbonate 
OF  btbontia. 
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a.  Sulphate  of  str&ntia^  artificially  prepared,  is  a  white  powder.  Il 
dissolves  in  6895  pai-tH  of  cold,  and  9038  parts  of  boiling  water  (Expt.  Na 
21).  In  water  containing  sulphuric  acid,  it  is  still  more  difficultly  solu- 
ble, requiring  from  11000  to  12000  parts  (Expt.  No.  22).  Of  cold 
hydrochloric  acid  of  8*5  per  cent.,  it  requires  474  parts ;  of  cold  nitiic 
acid  of  4'8  per  cent.,  432  parts  ;  of  cold  acetic  acid  of  15*6  per  cent  of 

A,  HO,  as  much  as  7843  parts  (Expt.  No.  23).  It  dissolves  in  solutios 
of  chloride  of  sodium,  but  is  precipitated  again  from  this  solution  by 
sulphuric  acid.  Metaphosphoric  acid  (Scheerer,  Rube),  and  also  alkft> 
line  citrates,  but  not  free  citric  acid  (Spiller),  impede  the  precipitation 
of  strontia  by  sulphuric  acid.  It  is  nearly  insoluble  both  in  absolute 
alcohol  and  in  spirit  of  wine.  It  does  not  alter  vegetable  colors ;  and 
remains  unaltered  in  the  air,  and  at  a  red  heat.  When  exposed  to  i 
most  intense  red  heat,  it  fuses  without  undergoing  decomposition. 
When  ignited  with  charcoal,  or  under  the  influence  of  reducing  gases,  it 
is  converted  into  sulphide  of  strontium.  The  solutions  of  carbonates 
and  bicarbonates  of  potassa,  soda,  and  ammonia  decompose  sulphate  of 
strontia  completely  at  the  common  temperature,  even  when  considerable 
qiiantities  of  alkaline  sulphates  are  present  (H.  Hose).  Boiling  pro- 
motes the  decomposition. 

SrO 51-75  56-40 

SO, 40-00  43-60 


91-75  100-00 

6.  Carbonate  of  strontia^  artificially  prepared,  is  a  white,  light,  looae 
powder.  It  dissolves,  at  the  common  temperatiu-e,  in  18045  parts  of 
water  (Expt.  No.  24).  Presence  of  ammonia  diminishes  its  solubility 
(Exi»t.  No.  25).  It  dissolves  pretty  readily  in  solutions  of  chloride  of 
ammonium  and  of  nitrate  of  ammonia,  but  is  precipitated  again  from 
these  solutions  by  ammonia  and  carbonate  of  ammonia,  and  more  com- 
pletely than  carbonate  of  baryta,  under  similar  circumstances.  Water 
imi)regnated  with  carbonic  acid  dissolves  it  as  bicarbonate.  Its  reaction 
Ls  very  feebly  alkaline.  Alkaline  citrates  and  metaphosphates  impede 
the  precipitation  of  strontia  by  alkaline  carbonates.  Ignited  with  accea 
of  fiir  it  Ls  infusiJble,  but  when  exposed  to  a  most  intense  heat,  it  fuseii 
and  gi'adually  loses  its  carbonic  acid.  On  ignition  with  charcoal,  caGStk 
strontia  is  formed,  with  evolution  of  carbonic  oxide  gas. 


Sr  0  . . . . 

51-75 

70-17 

\J    \Ja    .  •  «  ■ 

22-00 

29-83 

73-75 

100-00 

§73. 

3.  Lime. 

lime  is  weighed  either  as  sulphate  of  lime,  or  as  cabbonate  of  Lna; 
to  convert  it  into  the  latter  form,  it  is  first  usually  precipitated  as  oxa- 
late of  lime. 

a.  Artificially  prepared  anhydrous  sulphate  of  lirne  is  a  loose,  white 
p(»wer.  It  dissolves,  at  the  common  temperature,  in  430  parts,  at  100", 
in  460  parts  of  water  (Poggiale).    Presence  of  hydrochloric  acid,  nitric 
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acid,  chloride  of  aminonium,  sulpbate  of  soda,  and  chloride  of  sodium, 
increases  its  solubility.  It  dissolves  with  comparative  ease,  especiajly 
on  gently  warming,  in  aqueous  solution  of  hyposulphite  of  soda  (Diehl). 
The  aqueous  solution  of  sulphate  of  lime  does  not  alter  vegetable  colors. 
In  alcohol  and  in  spirit  of  wine  of  90  per  cent,  it  is  almost  absolutely 
insoluble.  Exposed  to  the  air,  it  slowly  absorbs  water.  It  remains  un- 
altered at  a  dull  red  heat.  Heated  to  intense  bright  redness,  it  fuses 
without  undergoing  decomposition.  At  a  white  heat  it  loses  sulphuric 
acid  and  its  weight  is  considerably  diminished — the  residue  has  an  alka- 
line reaction  (Al.  Mitscherlich  *).  On  ignition  with  charcoal  or  under 
the  influence  of  reducing  gases  it  is  converted  into  sulphide  of  calcium* 
Solutions  of  alkaline  carbonates  and  bicarbonates  decompose  sulphate  of 
lime  more  readily  still  than  sulphate  of  strontia. 

CaO 28  41-18 

SO3 40  58-82 


68  100-00 

h.  Artificially  prepared  carbonate  of  lime  is  a  fine  white  powder.  It 
dissolves  in  10601  parts  of  cold,  and  in  8834  parts  of  boiling  water 
(Exptu  No.  26).  The  solution  has  a  barely  perceptible  alkaline  reaction. 
In  water  containing  ammonia  and  carbonate  of  ammonia,  it  dissolves 
much  more  sparingly,  one  part  of  the  salt  requiring  about  65000  parts 
(Expt.  No.  27) ;  this  solution  is  not  precipitated  by  oxalate  of  ammonia. 
JPresence  of  chloride  of  ammonium  and  of  nitrate  of  ammonia  increases 
the  solubility  of  carbonate  of  lime ;  but  the  salt  is  precipitated  again 
from  these  solutions  by  ammonia  and  carbonate  of  ammonia,  and  more 
completely  than  carbonate  of  baryta  under  similar  circumstances. 
Neutral  salts  of  potassa  and  soda  likewise  increase  its  solubility.  The 
precipitation  of  lime  by  alkaline  carbonate  is  completely  prevented  or 
considerably  interfered  with  by  the  presence  of  alkaline  citrates  (Spil- 
leb)  or  metaphosphates  (Rube).  Water  impregnated  with  carbonic 
acid  dissolves  carbonate  of  lime  as  bicai-bonate.  Carbonate  of  lime  re- 
mains unaltered  in  the  air,  at  100°,  and  even  at  a  low  red  heat ;  but 
upon  the  application  of  a  stronger  heat,  more  particularly  with  free  ac- 
cess of  air,  it  gradually  loses  its  carbonic  acid.  By  means  of  a  gas 
blowpipe-lamp,  carbonate  of  lime  (about  0*5  grm.),  in  an  open  platinum 
crucible,  is  without  difficulty  reduced  to  the  caustic  state  ;  attempts  to 
effect  complete  reduction  over  a  spirit  lamp  with  double  draught  have, 
however,  fidled  (Expt.  No.  28).  It  is  decomposed  far  more  readily 
when  mixed  with  charcoal  and  heated  to  redness,  giving  off  its  car- 
bonic acid  in  the  form  of  carbonic  oxide. 

CaO 28  66-00 

COs, 22  44-00 


50  100-00 

e.  Oxalate  of  limey  precipitated  from  hot  or  concentrated  solutions,  is 
a  fine  white  powder  consisting  of  extremely  minute  indistinct  crystals,  and 
almost  abeolutttly  insoluble  in  water.     If  the  oxalic  acid  is  held  to  be 

*  Jouxn.  1  prakt.  Chem. ,  83,  485. 
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bibasic,  the  salt  has  the  formula,  2  CaO,  C4  Og  +  2  aq.  When  prediHc 
tated  from  cold,  extremely  dilute  solutions,  the  salt  presents  a  more 
distinctly  Crystalline  appearance,  and  consists  of  a  mixture  of  2  CaO, 
C^  Og  -f  2  aq.  and  2  CaO,  C^  Og  -f  6  aq.  (Souchay  and  Lensskh). 
f^rescnce  of  free  oxalic  acid  and  acetic  acid  slightly  increases  the  solu- 
bility of  oxalate  of  lime.  The  stronger  acids  (hyd]X)chloric  add,  nitrio 
acid)  dissolve  it  readily  ;  from  these  solutions  it  is  precipitated  agun, 
unaltered,  by  alkalies  ;  and  also  (provided  the  excess  of  acid  be  not  too 
great)  by  alkaline  oxalates  or  alkaline  acetates  added  in  excess.  Qzi 
late  of  lime  does  not  dissolve  in  solutions  of  chloride  of  potassium, 
chloride  of  sodium,  chloride  of  ammonium,  chloride  of  barium,  chloride 
of  calcium,  and  chloride  of  strontium,  even  though  these  solutions  be 
hot  and  concentrated ;  but,  on  the  other  hand,  it  dissolves  readily  and 
in  appreciable  quantities,  in  hot  solutions  of  the  salts  belonging  to  the 
magnesia  group.  From  these  solutions  it  is  reprecipitated  by  an  excetis 
of  alkaline  oxalate  (Souchay  and  Lenssen).  Alkaline  citrates  (Spilleb) 
and  metaphosphates  (Rube)  impede  the  precipitation  of  lime  by  alka- 
line oxalates.  When  treated  with  solutions  of  many  of  the  heavy  me- 
tals, e.g.y  with  solution  of  chloride  of  copper,  nitrate  of  silver,  dbc, 
oxalate  of  lime  suffers  decomposition,  a  soluble  salt  of  lime  being 
formed,  and  an  oxalate  of  the  heavy  metallic  oxide,  which  separates  imm»- 
diately,  or  after  some  time  (Reynoso).  Oxalate  of  lime  is  unalterabk 
in  the  air,  and  at  100°.  Dried  at  the  latter  temperature,  it  has  inva- 
riably the  following  composition  (£xpt.  No.  29,  and  also  Souchay  and 

TiBNSSEN  *) : 

2  CaO 56  38-36 

C,  0« 72  49-32 

2  aq 18  12-32 

146  100-00 

At  205°  oxalate  of  lime  loses  its  water,  without  imdergoing  deooni' 
position  ;  at  a  somewhat  higher  temperature,  still  scarcely  reaching  dnD 
redness,  the  anhydrous  salt  Ls  decomposed,  without  actual  separation  of 
carbon,  into  carbonic  oxide  and  carbonate  of  lime.  The  powder,  whidi 
was  previously  of  snowy  whiteness,  transiently  assumes  ^  gray  color  in 
the  course  of  this  process,  even  though  the  oxalate  be  perfectly  pura 
Upon  continued  application  of  heat,  this  gray  color  disappears  again. 
If  the  oxalate  of  lime  is  heated  in  small  coherent  fragments,  sndi  ti 
are  obtained  upon  drying  the  precipitated  salt  on  a  filter,  the  oook' 
mencement  stnd  progress  of  the  decomposition  can  be  readily  traced  by 
this  transient  appearance  of  gray.  If  the  process  of  heating  be  conducted 
properly,  the  residue  will  not  contain  a  trace  of  caustic  lime.  TLj* 
drated  oxalate  of  lime  exposed  suddenly  to  a  dull  red  heat^  is  deooni 
posed  with  considerable  separation  of  carbon. 

§  74. 

4.  Mao]!^sia. 
Magnesia  is  weighed  as  sulphate  of  magnesia,  pyrophosphatb  or 

*  AnnaL  der  Chem.  and  Pharm.,  100,  822. 
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MAGNESIA,  or  PURE  MAGNESIA.     To  Convert  it  into  the  pyrophosphate,  it 
is  prt)cipitate<i  as  phosphate  of  ammonia  and  magnesia. 

a.  Anhydrous  stUphcUe  of  magnesia  is  a  white  opaque  mass.  It  dis- 
solves readily  in  water.  It  is  nearly  altogether  insoluble  in  absolute 
alcohol,  but  it  is  somewhat  soluble  in  spirit  of  wine.  It  does  uoi 
alter  vegetable  colors.  Exposed  to  the  air,  it  absorbs  water  rapidly. 
At  a  moderate  red  heat,  it  remains  unaltered ;  but  when  heated  to  in- 
tense redness,  it  undergoes  partial  decomposition,  losing  pai*t  of  its  acid, 
after  which  it  is  no  longer  perfectly  soluble  in  water.  By  means  of  a 
blast-lamp,  it  is  tolerably  easy  to  expel  the  whole  of  the  sulphuric  acid 
from  small  quantities  of  sulphate  of  magnesia  (Expt.  No.  30).  Ignited 
with  chloride  of  ammonium,  sulphate  of  magnesia  is  not  decomposed. 

MgO 20  33-33 

SO,. 40  66-67 


60  100-00 

5.  Phosphate  of  magnesia  and  ammonia  is  commonly  a  white  crystal' 
line  powder.  [Sometimes  it  appears  as  a  scaly  precipitate  with  pearly  lus- 
tre, sometimes  in  acicular  crystals.]  It  dissolves,  at  the  common  tem- 
peratui*e,  in  16293  parts  of  cold  water  (Expt.  No.  31).  In  water  con- 
taining ammonia,  it  is  much  more  insoluble — one  part  of  the  salt  re- 
quiring about  45000  parts  of  the  solvent  (Expt.  No.  32).  Chloride  of 
ammonium  slightly  increases  its  solubility  (Expt.  Nos.  34  and  35). 
Presence  of  alkaline  phosphates  exercises  no  influence  in  this  respect. 
It  dissolves  readily  in  acids,  even  in  acetic  acid.  Its  composition  is  ex- 
pressed by  the  formula 

2  Mg  O,  N  H4  O,  P  O.  +  12  aq. 

10  eq.  of  water  escape  at  100°,  the  remaining  2,  together  with  the 
ammonia,  at  a  red  heat,  leaving  2  Mg  O,  P  O5.  The  change  of  the  or- 
dinary phosphoric  to  pyrophosphoric  acid,  is  indicated  by  a  vivid  incan- 
descence of  the  whole  mass. 

If  phosphate  of  magnesia  and  ammonia  is  dissolved  in  dilute  hydro- 
chloric or  nitric  acid,  and  ammonia  be  then  added  to  the  solution,  the 
salt  is  reprec^)itated  completely,  or  more  correctly,  only  so  much  remains 
in  solution  as  corresponds  to  its  ordinary  solubility  in  water  containing 
ammonia  and  ammoniacal  salt  (Expt.  No.  33). 

c.  Pyrophosphotte  of  Tnagnesva  presents  the  appearance  of  a  white 
mass,  often  slightly  inclining  to  gray.  It  is  barely  soluble  in  water,  but 
readily  so  in  hydrochloric  acid,  and  in  nitric  acid.  It  remains  unal- 
tered in  air,  and  at  a  red  heat ;  at  a  very  intense  heat  it  fuses  unaltered. 
Exposed  at  a  white  heat  to  the  action  of  hydrogen,  3  Mg  O,  P  O5  is 
formed,  while  P  H^,  P  and  P  O,  escape.  3  (2  Mg  O,  P  06)=2  (3  Mg 
O,  P  Oft)  -f  P  O5  (Struve  *).  It  leaves  the  color  of  moist  turmeric-, 
and  of  reddened  litmus-paper  unchanged. 

If  we  dissolve  pyrophosphate  of  magnesia  in  hydrochloric  or  nitric 
acid,  add  water  to  the  solution,  boil  for  6ome  time,  and  then  precipitate 
with  ammonia  in  excess,  we  obtain  a  precipitate  of  phosphate  of  mag- 
nesia and  ammonia  which,  after  ignition,  aflbrds  less  2  Mg  O,  P  O5,  than 

*  Joozn.  f.  prakt.  ObcmL,  79,  849. 
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was  oiigiually  employed.  Weber  gives  the  loss  as  from  1*3  to  2*3  per 
cent.  My  own  experiments  (No.  36)  confirm  this  statement,  and  point 
out  the  circumstances  under  which  the  loss  is  the  least  considerable 
By  long-continued  fusion  with  mixed  carbonates  of  potassa  and  soda,  pj 
rophosphate  of  magnesia  is  completely  decomposed,  the  phosphoric  acid 
being  reconverted  into  the  tribasic  state.  If,  therefore,  we  treat  the 
fused  mass  with  hydrochloric  acid,  and  then  add  water  and  ammonia,  yn 
re-obtain  on  igniting  the  precipitate  the  whole  quantity  of  the  salt  used. 

2  MgO 4000  36-04 

PO5 71-00  63-96 


111-00  100-00 

d.  Pure  magnesia  is  a  white,  light,  loose  powder.  It  dissolves  in 
55368  pai-ts  of  cold,  and  in  the  same  proportion  of  boiling  water 
(Expt.  No.  37).  Its  aqueous  solution  has  a  very  slightly  alkaline  re- 
action. Magnesia  dissolves  in  hydrochloric  and  in  other  acids,  without 
evolution  of  gas.  Magnesia  dissolves  readily  and  in  quantity  in  solutioni 
of  neutral  ammonia  salts,  and  also  in  solutions  of  chloride  of  potassiaiii 
and  chloride  of  sodium  it  is  more  soluble  than  in  water  (£xpt.  No.  38). 
Exposed  to  the  air,  it  slowly  absorbs  carbonic  acid  and  water.  Mag- 
nesia is  highly  infusible,  remaining  unaltered  at  a  strong  red  heat^  aiid 
fusing  superficially  only  at  the  very  highest  temperature. 

Mg 12  60-03 

0 8  39-97 
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BASES  OF  THE  THIRD  QROUP. 

§  75. 
1.  Alumina. 

Alumina  is  usually  precipitated  as  hydrate,  occasionally  as  band 
acetate  or  basic  formiate,  and  is  always  weighed  in  the  pure  state. 

a.  Jlydrate  of  alumina,  recently  precipitated,  is  gelatinous ;  it  in- 
variably retains  a  minute  proportion  of  the  acid  with  which  the  alu- 
mina was  previously  combined,  as  well  as  of  the  alkali  which  hai 
served  as  the  precipitant ;  it  is  freed  with  difficulty  from  theae  admii- 
tures  by  repeated  washing.* 

Hydrate  of  alumina  is  insoluble  in  pure  water ;  but  it  readily  dis- 
solves in  soda  and  potassa  ;  it  is  sparingly  soluble  in  caustic  ammoxiiii 
and  altogether  insoluble  in  carbonate  of  ammonia ;  presence  of  ammo- 
nical  salts  greatly  diminishes  its  solubility  in  caustic  ammonia  (Esqpi 
No.  39).  The  correctness  of  this  statement  has  been  amply  confirmed 
by  Malaguti  and  Durocher  ;  f  and  also  by  experiments  made  by  my 
former  assistant,  Mr.  J.  Fuchs.  The  former  chemists  state  also  thai 
when  a  solution  of  alumina  is  precipitated  with  sulphide  of  anunoniunii 
the  fluid  may  be  filtered  off  five  minutes  after,  without  a  trace  of  alumina 
in  it.     Fuchs  did  not  find  this  to  be  the  case  (Expt.  No.  40). 

*  See  page        note  f  Ann,  de  Chim.  et  de  Phya.,  8  S^.  16,  481. 
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Hydrate  of  alnmina,  recently  precipitated,  dissolves  readily  in  hydro* 
chloric  or  nitric  acid  ;  but  after  filtration,  or  after  having  remained  foi 
some  time  in  the  fluid  from  which  it  has  been  precipitated,  it  does  not 
dissolve  in  these  acids  without  considerable  difficulty  and  long  digestion. 
Hydrate  of  alumina  shrinks  considerably  on  drying,  and  then  presents 
the  appearance  of  a  hard,  ti*ansparent,  yellowish,  or  of  a  white,  earthy 
mass.  When  heated  to  redness  it  loses  its  water,  and  this  loss  is  fre- 
quently attended  with  slight  decrepitation,  and  invariably  with  con- 
siderable diminution  of  bulk. 

b.  Alumina,  prepared  by  heating  the  hydrate  to  a  moderate  degree 
of  redness,  is  a  loose  and  soft  mass  ;  but  upon  the  application  of  a  very 
intense  degree  of  redness,  it  concretes  into  .small,  hard  lumps.  At  the 
most  intense  white  heat  it  fuses  to  a  colorless  glass.  Ignited  alumina 
is  dissolved  by  dilute  acids  with  very  great  difficulty ;  in  fuming  hydro- 
chloric acid  it  dissolves  upon  long-continued  digestion  in  a  warm  place, 
slowly,  but  completely.  It  dissolves  tolerably  easily  and  quickly  by  first 
heating  with  a  mixture  of  8  parts  of  concentrated  sulphuric  acid  and  3 
parts  of  water,  and  then  adding  water  (A.  Mitscherlich*).  Ignition 
in  a  current  of  hydrogen  gas  leaves  it  unaltered.  By  fusion  with  bisul- 
phat«  of  potAssa  it  is  rendered  soluble,  the  residue  dissolving  readily  in 
water.  Upon  igniting  alumina  with  chloride  of  ammonium,  chloride  of 
aluminium  escapes ;  but  the  process  fails  to  effect  complete  volatilization 
of  the  alumina  (H.  Rose).  When  alumina  is  fused  at  a  very  high  tem- 
j)erature,  in  conjunction  with  ten  times  its  quantity  of  carbonate  of 
soda,  aluminate  of  soda  is  formed,  which  is  soluble  in  water  (R.  Rkh- 
ter).  Placed  upon  moist  red  litmus  paper,  pure  alumina  does  not 
change  the  color  to  blue. 

Al, 27-50  53-40 

O3 2400  46-60 


51-50  100-00 

c.  If  to  the  solution  of  a  salt  of  alumina,  carbonate  of  soda  or  carbon- 
ate of  ammonia  be  added,  till  the  resulting  precipitate  only  just  redis- 
solves  on  stirring,  and  then  acetate  of  soda  or  acetate  of  ammonia 
poured  in  in  abundance  and  the  mixture  boiled  some  time,  the  alumina 
is  precipitated  almost  completely  as  basic  acetate  in  the  form  of  trans- 
parent flocks,  so  that  if  the  filtrate  be  boiled  with  chloride  of  ammonium 
and  ammonia  only  unweighable  traces  of  alumina  separate.  If  the 
quantity  of  acetate  of  soda  employed  be  too  small,  the  precipitate  ap- 
pears more  gi-anular,  the  filtrate  would  then  contain  a  larger  amount  of 
alumina.  The  precipitate  is  difficult  to  filter  or  wash.  In  washing  it 
it  is  best  to  use  boiling  water,  containing  a  little  acetate  of  soda  or 
acetate  of  ammonia.  The  precipitate  is  readily  soluble  in  hydi-ochlorio 
acid. 

d.  If,  instead  of  the  acetates  mentioned  in  c,  the  corresponding 
formiates  be  used,  a  flocculent  voluminous  precipitate  of  basic  formiate 
of    alumina  is   obtained,    which  may   be    very   readily    washed    (Fr. 

Sc'IIULZEf). 

•  Joum.  f.  prakt  Chem.,  81,  110.  f  Chem.  Centralbl.,  1861,  3. 
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§76. 

2.  Sesquioxide  of  Chboxiuic. 

Sesquioxide  of  chromhim  is  usually  precipitated  as  hydrate,  and 
always  weighed  in  the  pure  state. 

a,  Ilydrated  sesquioxi/le  of  chromiumy  recently  precipitated  from  i 
given  solution,  is  greenish-gray,  gelatinous,  insoluble  in  water :  it  di» 
solves  readily,  in  the  cold,  in  solutions  of  potassa  or  soda,  to  adai'k  greeo 
fluid ;  it  dissolves  also  in  the  cold,  but  rather  sparingly,  in  solution  of 
ammonia,  to  a  bright  violet  red  fluid.  In  acids  it  dissolves  readily,  im* 
parting  a  dtu'k  green  tint  to  the  fluid.  Presence  of  chloride  of  ammo- 
nium exercises  no  influence  upon  the  solubility  of  the  hydrate  in  amm> 
nia.  Boiling  elfects  the  complete  separation  of  the  sesquioxide  from  iti 
solutions  in  potassa,  soda,  or  ammonia  (Expt.  No.  41).  The  dried  hj- 
diute  is  a  groenish-blue  powder ;  it  loses  its  water  at  a  gentle  red  heat 

b,  SesqtiioxUle  of  chromium^  produced  by  heating  the  hydrate  to 
dull  redness,  is  a  dai*k  gi*een  powder ;  upon  the  application  of  a  higher 
degree  of  heat  it  assumes  a  lighter  tint,  but  suffers  no  diminution  of 
weight ;  the  transition  from  the  darker  to  the  lighter  tint  is  marked  by 
a  vivid  incandescence  of  the  powder.  The  feebly  ignited  sesquioxide  ii 
dilhcultly  soluble  in  hydrochloric  acid,  and  the  strongly  ignited  MB- 
quioxide  is  altogether  insoluble  in  that  acid.  Mixed  with  chloride  of 
ammonium,  and  exposed  to  a  red  heat,  sesquioxide  of  chromium  remains 
unaltered ;  it  sufl'ers  no  alteration  when  ignited  in  a  current  of  hydro 
fi;en  gas. 

Cr, 52-48  68-62 

O3 2400  31-38 
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BASES  OF  THE  FOURTH  GBGUP. 

§77. 
1.  Oxide  of  Zinc. 

Zinc  is  weighed  in  the  form  of  oxide  or  sulphide  ;  it  is  precipitaiel 
as  BASIC  CABBONATE,  or  as  sulphide. 

a,  JJasic  carbonate  of  zinCy  recently  precipitated,  is  white,  flooculonti 
nearly  insoluble  in  water — (one  part  requiiing  44600  parts.  £xpt.  No. 
42) — but  readily  soluble  in  potassa,  soda,  ammonia,  carbonate  of  ammo- 
nia, and  acids.  The  solutions  in  soda  or  potassa,  if  conoentrated,  an 
not  altered  by  boiling ;  but  if  dilute,  nearly  all  the  oxide  of  zinc  present 
is  thrown  down,  as  a  white  precipitate.  From  the  solutions  in  amnM^ 
nia  and  carbonate  of  ammonia,  especially  if  they  are  dilute,  oxide  of 
zinc  likowise  separates  upon  boiling.  When  a  neutral  solution  of  zhM 
is  precijiitatcd  with  carbonate  of  soda  or  carbonate  of  potassa,  carbonio 
acitl  is  evolved,  since  the  precipitate  formed  is  not  Zn  O,  CO,,  but  CO* 
sista  of  a  compound  of  hydrated  oxide  of  zinc  with  carbonate  of  zinc,  in 
varying  [#ropoi-tioiis,  according  to   the  degree  of  concentration  of  tli9 
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8(»lution,  and  to  the  mode  of  precipitation.  Owing  to  the  presence  and 
action  of  this  carbonic  acid,  part  of  the  oxide  of  zinc  remains  in  solu* 
tion  ;  if  filtered  cold,  thei-efore,  the  filtrate  gives  a  pi-ecipitate  with  sul- 
phide of  ammonium. 

But  if  the  solution  is  precipitated  boiling,  and  kept  at  that  tempera- 
ture for  some  time,  the  precipitation  of  the  zinc  is  complete  to  the  ex- 
tent that  the  filtrate  is  not  rendered  turbid  by  the  addition  of  sulphide 
of  ammonium  ;  still,  if  the  filtrate,  mixed  with  sulphide  of  ammonium,  be 
allowed  to  stand  at  rest  for  many  hours,  minute  and  almost  unweigha- 
ble  flakes  of  sulphide  of  zinc  will  sepai*ate  from  the  fluid.  Tho  precip- 
itate of  carbonate  of  zinc,  obtained  in  the  manner  just  described,  may 
be  completely  freed  from  all  admixture  of  alkali  by  washing  with  hot 
water.  If  ammoniacal  salts  be  present,  the  precipitation  is  not  com- 
plete till  every  trace  of  ammonia  is  expelled.  If  the  solution  of  a  zinc 
salt  is  mixed  with  carbonate  of  potassa  or  soda  in  excess,  the  mixture 
evaporated  to  dryness,  at  a  gentle  heat,  and  the  residue  treated  with 
cokl  water,  a  perceptible  proportion  of  the  zinc  is  obtained  in  solution 
as  double  carbonate  of  zinc  and  potassa  or  soda ;  but  if  the  mixture  is 
evaporated  to  diyness  at  boiling  heat,  and  the  residue  treated  with  hot 
water,  the  whole  of  the  zinc,  with  the  exception  of  an  extremely  minute 
proportion,  as  we  have  already  had  occasion  to  observe,  is  obtained  as 
carbonate  of  zinc. 

The  dried  basic  carbonate  of  zinc  is  a  fine,  white,  loose  powder ;  ex- 
posui-e  to  a  red  heat  converts  it  into  oxide  of  zinc. 

b.  Oxide  of  zinc^  produced  from  the  carbonate  by  the  application  of 
a  red  heat,  is  a  white  light  powder,  with  a  slightly  yellow  tint.  When 
heated,  it  acquires  a  yellow  color,  which  disappears  again  on  cooling. 
Upon  ignition  with  charcoal,  carbonic  oxide  gas  and  zinc  fumes  escape. 
By  igniting  in  a  rapid  current  of  hydrogen  gas,  metallic  zinc  is  produced ; 
whilst  by  igniting  it  in  a  feeble  current  of  liydrogen  gas,  crystallized  ox- 
ide of  zinc  is  obtained  (St.  Claire  Deville).  In  this  case,  too,  a  por- 
tion of  the  metal  is  reduced  and  volatilized.  Oxide  of  zinc  is  insoluble 
in  water.  Placed  on  moist  turmeric  paper,  it  does  not  change  the  color 
to  brown.  In  acids,  oxide  of  zinc  dissolves  readily  and  without  evolu- 
tion of  gas.  Ignited  with  chloride  of  ammonium,  fused  chloride  of  zinc 
is  produced,  which  volatilizes  with  very  great  difficulty,  if  the  air  is  ex- 
cluded ;  but  readily  and  completely  with  free  access  of  air,  and  with 
chloride  of  anmionium  fumes.  Mixed  with  a  sufficiency  of  powdered 
sulphur  and  ignited  in  a  stream  of  hydrogen,  the  corresponding  amount 
of  sulphide  is  obtained  (H.  Rose). 

Ztl 32-53         80-26 
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c  Sulphide  of  zinc,  recently  precipitated,  is  a  white,  loose  hydrate  (Zn 
S,  H  O).  The  following  facts  should  here  be  mentioned  with  regard  to  its 
precipitation.*  Colorless  sulphide  of  ammonium  precipitates  dilute  solu- 
tions of  zinc,  but  only  slowly  ;  yellow  sulphide  of  ammonium  does  not  pre- 
cipitate dilute  solutions  of  zinc  (1  :  5000)  at  all.  Chloride  of  ammonium 
iavors  the  precipitation  considerably.    Free  ammonia  acts  so  as  to  keep  the 


♦  Joum.  f .  prakt.  Chem. ,  82,  363. 
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pn^cipitnte  somewhat  lon<^r  in  suRpf^nsioa,  oth'Ji'wise  it  exerts  no  injurioai 
iullmriioe.  If  the  couditions  which  1  shall  lay  down  are  strictly  ohsened, 
oxide  of  zinc  may  be  precipitated  by  sulphide  of  ammonium  from  a  solo* 
tion  containing  only^^,^^-^  ^j.  Hydi-ated  sulphide  of  zinc,  on  account 
of  its  slimy  nature,  easily  stops  up  the  pores  of  the  filter,  and  cannot 
therefore  be  washed  without  difficulty  on  a  filter.  The  washing  is  best 
performed  by  using  water  containing  sulphide  of  ammonium,  and  con- 
tinually diminished  quantities  of  chloiide  of  ammonium  (at  last  none) 
(see  Expt.  No.  43).  Tlie  hydrate  is  insoluble  in  water,  in  caustic  allu- 
lies,  alkaline  carbonates,  and  the  mouosulphides  of  the  alkali  metak.  It 
dissolves  readily  and  completely  in  hydrochloric  and  in  nitric,  but  only 
very  sjiaringly  in  acetic  acid.  When  dried,  the  precipitated  sulphide  of 
zinc  is  a  white  powder ;  at  100"*  it  loses  half,  and  at  a  red  heat  the  whole 
of  its  water.  During  the  latter  process  some  sulphuretted  hydrogen 
escapes,  and  the  remaining  sulphide  of  zinc  contains  an  admixture  of 
oxide  of  zinc.  By  roasting  in  the  air,  and  intense  ignition  of  the  refr 
due,  small  quantities  of  sulphide  of  zinc  may  be  readily  converted  into 
the  oxide. 

On  igniting  the  dried  sulphide  of  zinc,  mixed  with  powdered  sulphur, 
in  a  stream  of  hydrogen,  the  pure  anhydrous  sulphide  is  obtained.  (EL 
Rose). 

Zn 32-53         67-03 

S 1600        32-97 
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§78. 

2.  Protoxide  op  Mai^ganese. 

Manganese  is  weighed  either  as  protosesquioxipe,  as  sulphide,  oraa 
PYROPHOSPnATE.  With  the  view  of  converting  it  into  the  first  form,  itia 
precipitated  as  protocarbonate,  iiydrated  protoxide,  or  binoxipx. 
Before  weighing  as  pyrophosphate  it  must  be  precipitated  ois  ammosio- 

PHOSPHATE. 

rt.  Carbonate  of  protoxide  of  manganese^  recently  precipitated,  is  white^ 
flocculent,  nearly  insoluble  in  pare  wat<jr,  but  somewhat  more  soluble  in 
wat^r  impregnated  with  carbonic  acid.  Presence  of  carbonate  of  soda  or 
potiussa  does  not  increase  its  solubility.  Recently  precipitated  carbonaie 
of  protoxide  of  manganese  dissolves  pretty  readily  in  solution  of  chloride 
of  ammonium :  it  is  owing  to  this  property  that  a  solution  of  protoxide 
of  manganese  cannot  be  completely  precipitated  by  carbonate  of  potaat 
or  soda,  in  presence  of  chloi-ide  of  ammonium  (or  any  other  ammoniaal 
salt),  until  the  latter  is  completely  decomposed.  If  the  precipitate,  while 
still  moist,  is  exposed  to  the  air,  or  washed  with  water  impregnated  witk 
air,  especiiilly  if  it  is  in  contact  with  carbonated  alkali,  it  slowly  assumei 
a  dirty  browuish-white  color,  part  of  it  becoming  convei-ted  into  hydrated 
protosesquioxido  of  manganese.  In  washing  the  precipitate,  we  oft«« 
obtain  a  turbid  filti-ate.  If  the  latter  V>e  allowed  to  stAud  for  some  tims 
in  a  Wiurni  j>lace,  the  manganese  separates  in  brown  flocks.  If  the  precipi- 
tate is  dried  out  of  contact  with  air,  it  forms  a  delicate  white  powder, 
persistent  in  the  air  [2  (Mn  O,  C  0.j)-|-aq.];  but  when  dried  with  fret 
access  of  air,  the  powder  is  of  a  more  or  less  dirty-white  color.  When 
strongly  heated  with  access  of  air,  this  powder  first  turns  black,  and 
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changes  subsequently  to  brown  protosesquioxide  of  manganese.  Ho^  ever, 
this  conversion  takes  some  time,  and  must  never  be  held  to  be  completed 
until  two  weighings,  between  which  the  precipitate  has  been  ignited 
again  with  free  access  of  air,  give  perfectly  corresponding  results.  On 
igniting  the  carbonate  of  manganese,  mixed  with  powdered  sulphur,  in  a 
stream  of  hydrogen,  sulphide  of  manganese  is  obtained  (H.  Hose). 

6.  Ilydrated  protoxide  of  manganese^  i^ecently  thrown  down,  forms  a 
white,  flocculent  precipitate,  insoluble  in  water  and  in  the  alkalies,  but 
soluble  in  chloride  of  ammonium ;  this  precipitate  immediately  absorbs 
oxygen  from  the  air,  and  turns  brown,  owing  to  the  formation  of  hydi*ated 
protosesquioxide  of  manganese.  On  drying  it  in  the  air,  a  brown  pow- 
der (hydrated  protosesquioxide  of  manganese)  is  obtained,  which,  when 
heated  to  intense  redness,  with  free  access  of  air,  is  converted  into  pro- 
tosesquioxide of  manganese,  and  on  ignition  with  powdered  siilphur,  in  a 
stream  of  hydrogen,  is  converted  into  sulphide. 

c.  JProtosesquuKcide  of  nvanganeaey  artificially  produced,  is  a  brown  pow- 
der. All  the  oxides  of  manganese  are  finally  convei^ted  into  this  by  igni- 
tion in  the  air.  Each  time  it  is  heated  it  assumes  a  darker  color,  but  its 
weight  remains  unaltered.  It  is  insoluble  in  water,  and  does  not  alter 
vegetable  colors.  Heated  to  redness  with  chloride  of  ammonium  it  is  con- 
vei-ted  into  protochloride  of  manganese.  When  heated  with  concentrated 
hydrochloric  acid,  it  dissolves  to  chloride  with  evolution  of  chloiine. 

(Mn,  0,-f-4  H  Cl=3  Mn  01+01+4  H  O) 

On  ignition  with  powdered  sulphur  in  a  stream  of  hydrogen  it  is  con- 
verted into  sulphide  (H.  Rose). 

Mn, 82-50         72-05 

O, 3200         27-95 
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d,  J^inoodde  of  manganese  is  often  produced  in  analysis  by  exposing  a 
concentrated  solution  of  nitrate  of  protoxide  of  manganese  to  a  gradually 
increased  temperature.  At  140°  brown  flakes  separate,  at  155°  much 
nitric  acid  is  disengaged,  and  the  whole  of  the  manganese  separates  as  an- 
hydrous binoxide.  It  is  brownish  black  and  in  deposited  on  the  sides 
of  the  vessel,  with  metallic  lustre.  It  is  insoluble  in  weak  nitric  acid, 
but  dissolves  to  a  small  amount  in  hot  and  concentrated  nitric  acid 
(Deville).  In  hydrochloric  acid  it  dissolves  with  evolution  of  chlorine, 
in  concentrated  sulphuric  acid  with  Uberation  of  oxygen.  The  binoxide 
is  also  often  obtained  in  the  hydrated  condition  in  analytical  separations, 
thus  when  we  precipitate  a  solution  of  protoxide  with  hypochlorite  of 
soda,  or,  after  addition  of  acetate  of  soda,  with  chlorine  in  the  heat.  The 
brownish-black  flocculent  precipitate  thus  obtained  is  apt  to  contain  alkali. 

e.  Sulphide  of  manganese,  prepared  in  the  wet  way,  forms  a  flesh - 
colored  precipitate.  I  must  make  a  few  remarks  with  reference  to  its 
precipitation.*  This  is  effected  but  incompletely  if  we  add  to  a  pure 
tnanganese  solution  only  sulphide  of  ammonium,  no  matter  whether  it  be 
lolorless  or  yellow,  while  it  is  perfectly  effected  if  chloride  of  ammo- 
[lium  be  used  in  addition.  A  very  large  quantity  even  of  chloride  of 
unmouium  does  not  impede  the  precipitation ;  the  presence  of  a  large 

*  Jonrn.  f.  prakt  Chem.,  82,  265. 
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quantity  of  fi*ee  aniinonia  soinewliat  interforos  with  the  com]>leteiies8  of 
the  preci})itatiou.  h\  all  cases  we  must  allow  to  stand  at  least  24  houii^ 
and  with  veiy  dilute  Hohitions  48  hours,  before  filtering.  The  yellow 
sulphide  of  ammonium  Ls  the  most  a}>propriate  precipitant.  In  the 
presence  of  chloride  of  ammonium  even  a  large  excess  of  sulphide  of  am* 
monium  is  uninjurious.  If  the  precipitation  is  conducted  as  directed, 
the  manganese  can  be  precipitated  from  solutions  which  contain  only 
i(^(f(i(^ij  of  the  protoxide.  If  the  flesh-colored  hydrated  sulphide  remaijii 
some  time  under  the  fluid  from  which  it  was  precipitated,  it  sometimei 
becomes  converted  into  the  gi*ecn  anhydrous  sulphide.  This  apjiearance 
often  occurs  after  a  few  houi-s  or  days,  sometimes  not  for  weeks,  k 
acids  (hydrochloric,  8ul[)huric,  acetic,  <kc.)  the  hydi*ate  dissolves  witJi 
evolution  of  suli)huretted  hydrogen.  If  the  precipitate,  while  still  moist, 
is  exposed  to  the  air,  or  washed  with  water  impi*egnated  with  air,  its 
fleshy  tint  changes  to  brown,  hydrated  protosesquioxide  of  manganese 
being  formed,  together  with  a  small  portion  of  sulphate  of  protoxide 
of  manganese.  Hence  in  washing  the  hydi"ate  we  always  add  some 
sulphide  of  ammonium  to  the  Wiush-water,  and  keep  the  filter  as  full  as 
possible  with  the  same.  We  guard  against  the  filti'ate  running  tlirougk 
turbid,  by  adding  gradually  decreasing  quantities  of  chloride  of  amiuo- 
ninm  to  the  wash-water  (at  last  none).  (Expt.  No.  44.)  On  igniting 
the  precipitate  mixed  with  sulphur  in  a  stream  of  hydrogen  the  anhy- 
drous sulphide  remains.  If  we  have  gently  ignited  during  this  process, 
the  product  is  light  green ;  if  we  have  strongly  ignited,  it  is  dark  green 
to  black.  Neither  the  green  nor  the  black  sulphide  attracts  oxygen  or 
water  quickly  from  the  air  (H.  Rose). 

Mn 27-5  63-22 

S lG-0  36-78 
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[^.  Ammo7iw-phosphate  of  manganese  is  at  first  a  white,  semi-gelati- 
nous precipitate,  which,  on  standing  for  some  time  in  the  cold,  and  mors 
speedily  at  the  boiling  point,  crystallizes  in  pale  rose-coloi-ed  pearly  scales. 
It  dissolves  easily  in  hydrochloric  or  nitric  acid,  but  is  almost  ab^lutelj 
insoluble  in  boiling  water,  anunonia,  and  ammoniacal  salts,  and  may  bo 
washed  w^ith  facilitv.      Its  formula  is  : 

2MnO,  NH,  O,  PO52HO. 

By  ifftiition  it  is  converted  into  ])yrophosphate  of  manganese. 

{/.   Pjp'ophosphate  of  manganese  is  a  nearly  white  powder,  not  altered 
by  a  lull  red  heat  or  by  exposui'e  to  the  air. 

2MnO 71  50 

ro^ 71         50 
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§79. 
3.  Protoxide  op  Nickel, 

Nickel  is  preci]>itat(»d  as  hydrated  protoxide,  thdrated  SESQinoxiDl^ 
and  as  sulphide.     It  is  weij/lunl  in  the  fomi  of  protoxide. 

a,  Jli/ibat'-d  jtrotoxLic  (J'  nickel  forms   an    iipph>grecn    pn^cipitatc^ 
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almost  absolutely  insoluble  iu  water,  but  soluble  in  ammonia  and  carbo- 
nate of  ammonia.  From  these  solutions  it  is  completely  reprecipitated 
by  potas^sa  or  soda,  added  in  excess;  application  of  heat  promoters  the 
])reci}>itation.  It  is  unalterable  in  the  air ;  on  intense  ignition,  it  passes 
into  pure  anhydrous  protoxide. . 

d,  JProtoxide  of  nickel  is  a  dirty  grayish-green  j)owder,  insoluble  in 
water,  but  readily  soluble  in  hydrochloric  acid.  It  does  not  affect  vege- 
table colors.  It  suffers  no  variation  of  weight  upon  ignition  with  free 
access  of  aii*.  It  is  easily  reduced  to  metallic  nickel  by  ignition  in 
hydrogen  gas. 

Ni 29-5  78-67 

0 8-0  21-33 
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[c.  Hydrctied  aesquioxide  of  nickdy  thrown  down  by  caustic  soda  from 
solutions  of  nickel  which  have  been  mixed  with  solution  of  hypochlo- 
rite of  soda,  is  a  black  precipitate  that  is  much  more  easily  washed  than 
the  hydi-ated  protoxide.     It  passes  into  protoxide  upon  ignition.] 

d,  JFydrated  sulphide  of  nickel^  pre])ared  in  the  wet  way,  forms  a 
black  precipitate,  insoluble  in  water.  When  thrown  down  in  the  cold 
it  is  somewhat  soluble  in  sulphide  of  ammonium  containing  fi-ee  ammonia, 
the  sui>ematant  liquid  having  a  brown  color.  The  cold  precipitated  sul- 
phide is  liable  to  oxidize  somewhat  on  the  filter  to  sulphate  of  nickel. 
[When  separated  from  boiling  solutions  by  sulphide  of  sodium,  as  is 
directed  §  110,  these  inconveniences  are  not  experienced.]  It  is  very 
sparingly  soluble  in  concentrated  acetic  acid,  somewhat  more  soluble  ia 
hydrochloric  acid.  It  is  more  readily  soluble  still  in  nitric  acid,  but  its 
best  solvent  is  nitrohydrochloric  acid.  It  loses  its  water  upon  the  appli- 
cation of  a  red  heat ;  when  ignited  in  the  air,  it  is  transfoimed  into  a 
basic  compound  of  sesquioxide  of  nickel  with  sulphuric  acid.  Mixed 
with  sulphur  and  ignited  in  a  stream  of  hydrogen,  a  fused  mass  remains, 
of  pale-yellow  color  and  metallic  lustre.  This  consists  of  Ni^  S,  but  its 
composition  is  not  perfectly  constant  (H.  Hose). 

•§80. 
4.  Protoxide  op  Cobalt. 
Cobalt  is  weighed  in  the  pure  metallic  state,  or  as  protoxide  ;  or 

as    SULPHATE     OF    PROTOXIDE,   Or    aS    NITRITE    OP    COBALT    AND    POTASSA. 

Besides  the  propei-ties  of  these  substances,  we  have  to  study  hei^  also 
those  of  the  hydrated  protoxide,  of  the  hydrated  sesquioxide,  and 
of  the  sulphide. 

a.  Jlydi'oted  jyrotoxide  of  cobalt, — Upon  precipitating  a  solution  of 
protoxide  of  cobisdt  with  potassa,  a  blue  precipitate  (a  basic  salt)  is  formed 
nt  first,  which,  upon  boiling  with  potassa  in  excess,  excluded  from  con- 
tact of  air,  changes  to  light  red  hydrated  protoxide  of  cobalt ;  if,  on  the 
contrary,  this  process  is  conducted  with  free  access  of  air,  the  precipitate 
becomes  discolored,  part  of  the  hydrated  protoxide  being  converted  into 
hydrated  sesquioxide.  The  hydrate,  prepared  in  this  way,  retains  a  trace 
of  the  acid,  and,  even  after  the  most  thorough  waf»hing  with  hot  water, 
also  a  minute  amount  of  the  alkaline  precipitant  (Expt.  No.  46). 

llydi-ated  protoxide  of  cobalt  is  insoluble  in  water,  and  also  in  potassa ,- 
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it  dissolves  in  solutions  of  aminoniacal  salts ;  when  dried  in  the  air  ii 
a1>sorbs  oxygen,  and  acquires  a  brownish  color.     (See  6.) 

[6.  Protoxide  of  cobalt, — Hydrated  protoxide  of  cobalt,  when  ignited 
in  the  air  or  in  oxygen,  yields  a  variable  mixture  of  protoxide  and  pro- 
tosesquioxide,  and  cannot  cei'tainly  be  brought  to  a  constant  composi- 
tion. If,  however,  it  be  intensely  ignited,  and  cooled  in  a  stream  of  car- 
bonic acid,  it  leaver  pure  protoxide  of  cobalt  (Russel,*  GAUHE,f  BubtonJ). 
ITie  protoxide  has  a  light-brown  color,  is  but  slightly  hygroscopic,  aiui 
dissolves  in  hydrochloiic  acid  without  evolving  chlorine. 


Co 

0 

29-50 

8-00 

78-67 
21-33 

37-50  100-00] 

[c.  Hydrated  sesquioxide  of  cobalt  is  thrown  down  from  solutions  of 
protosalts  of  cobalt  by  a  mixture  of  potassa  and  hypochlorite  of  soda  as 
a  brown-black  precipitate,  which  is  completely  insoluble  in  the  precipi- 
tants  and  in  hot  water,  and  may  be  washed  from  all  but  the  minutest 
traces  of  alkali  with  much  greater  ease  than  the  hydrated  protoxide. 
(See  d,)] 

C03 88-5  73-44 

O, 320  26-66 
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d.  Metallic  cobcdt  is  obtained  from  any  and  all  its  oxides,  and  from 
the  nitrate  and  chloride  of  cobalt,  by  ignition  in  a  current  of  hydrogen 
gas.  It  is  a  grayish-black  magnetic  powder,  less  fusible  than  gold.  If 
the  reduction  hiia  been  effected  at  an  intense  red  heat,  the  metal  is  un- 
alterable in  the  air  ;  if  at  a  low  heat,  it  oxidizes  or  even  bums.  MetaUic 
cobalt  does  not  decompose  water,  either  cold  or  boiling ;  it  dissolves  in 
nitric  and  Ruli)huric  acids  to  the  corresponding  salts  of  protoxide. 

[Metallic  cobalt,  obtained  from  oxides  which  have  been  precipitated 
by  caustic  alkalies,  has  an  alkaline  reaction,  from  the  retention  by  the 
oxides  of  a  trace  of  alkali.  This  alkali,  which  need  not  exceed  0*2-0-3 
per  c(jnt.,  may  be  removed  by  repeated  washings  of  the  metal  with  hot 
water.] 

e.  Sulphide  of  cobalt^  produced  in  the  wet  way,  forms  a  black  precipi- 
tate, insoluble  in  water,  in  alkalies,  and  in  alkaline  sulphides.  When 
l)recipitated  cold,  and  (exposed  moist  to  the  air,  it  oxidizes  to  sulphate. 
[If  the  precipitate  be  digesti>d  hot,  or  made  with  hot  sulphide  of  sodium, 
as  directed  §  111,  it  washes  readily  and  without  danger  of  oxidation.] 
Sulphide  of  cobalt  is  but  sparingly  solul>le  [if  precipitat«<l  hot,  in- 
soluble] in  acetic  acid  and  in  dilut^i  mineral  acids,  more  readily  in  con- 
centrated mineral  acids,  and  most  readily  in  waim  nitro-hydrochloric 
acid.  [Sulphide  of  cobalt  may  be  converted  into  sulphate  by  heating 
with  strong  nitric  acid.]  Mixed  with  sulphur  and  ignited  in  a  stream 
of  hydrogen,  we  obtain  a  product  of  uncertain  composition,  not  suited 
for  the  determination  of  cobalt  (H.  Rose). 

f.  Sulphate  of  protoxide  of  cobalt  crystallizes,  in  combination  with 

•  Jour.  Chem.  Soc.  (2),  I.  51.  f  Frea  Zeitschrift,  IV.  5(S. 

X  Private  commanication. 
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7  aq.,  slowly  in  oblique  rhombic  prisms  of  a  fine  red  color.  The  crystals 
yield  the  whole  of  the  7  eq.  of  water  at  a  moderate  heat,  and  are  con- 
verted into  a  rose-colored  anhydi'ous  salt,  which  bears  the  application  of  a 
gentle  red  heat  for  a  short  time  without  losing  acid.  It  dissolves  rather 
difficultly  in  cold,  but  more  readily  in  hot  water.  [By  strong  ignition 
in  an  atmosphere  of  carbonate  of  ammonia  it  may  be  reduced  to  metal- 
lic cobalt.] 

Co  O 37-5  48-39 

SO3 40-0  51-61 
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g,  Nitrite  of  cobalt  and  potassay  which  is  easily  produced  by  mix- 
ing a  solution  of  protoxide  of  cobalt  with  nitrite  of  potassa,  and  enough 
nitric  or  acetic  acid  to  liberate  some  nitrous  acid  and  make  the  liquid 
permanently  acid,  forms  a  crystalline  precipitate  of  a  fine  yellow  color, 
which  dissolves  to  a  very  perceptible  amount  in  pure  water,  and  still 
more  copiously  in  water  containing  chloride  of  sodium  and  chloride  of 
ammonium.     In  rather  concentrated  solutions  of  salts  of  potassa  (KO, 

SO3,  —  K  CI,  —  K  O,  N  Oft,  —  K  O,  A),  [containing  some  nitrite  of  po- 
tassa (Gauhe)  ],  it  is  insoluble  even  upon  boiling.*  The  presence  of  a 
stnail  proportion  of  free  acetic  acid  exercises  no  solvent  action  under  these 
circumstances.  The  precipitate  does  not  dissolve  in  alcohol  of  80  per 
cent. ;  but  it  dissolves,  though  not  copiously,  in  boiling  water,  to  a  red 
fluid.  Nitrite  of  cobalt  and  potassa  is  decomposed  with  difficulty  by 
solution  of  potassa,  but  readily  by  solution  of  soda,  or  by  baryta-water ; 
the  decomposition  is  attended  with  sejjaration  of  brown  hydrated  ses- 
quioxide  of  cobalt  (A.  STROMEYERf ).  [The  comfi^tion,  dried  at  100°, 
is  somewhat  variable  (Stromeyer,  Erdmann|). 

Co,03(?) 17-7—19-0 

KO 28-2  —  32-8 

N 15-8  —  17-8 

Water 3*9  —   5-8]. 

It  is  decomposed  by  ignition,  and  gives  protosesquioxide  of  cobalt  and 
potassa.  [In  presence  of  nickel  and  alksdine  earths  the  precipitate  con- 
tains nickel  (Ebdmann)]. 

§  81. 

5.  Pbotoxide  of  Iron;  and  6.  Sesquioxide  of  Iron. 

Iron  is  usually  weighed  in  the  form  of  sesquioxide,  occasionally  as  SUL 
PHIDE.     We  have  to  study  also  the  hydrated  sesquioxide,  the  succinate 

OF  THE  SESQUIOXIDE,  the  ACETATE  OF  THE  SESQUIOXIDE,  and  the  FORMIATE 
OF   THE   SESQUIOXIDE. 

o.  JBydraled  aeaquiaxide  of  iron,  recently  prepared,  is  a  reddish-brown 
precipitate,  insoluble  in  water,  in  the  alkalies,  andinammoniacal  salts,  but 

l*^  If  thrown  down  in  absence  of  free  acid  the  precipitate  has  a  darker  color 
and  if*  soluble  to  a  slight  degfree  in  solution  of  acetate  of  potassa.] 
f  Annol.  d.  Chem.  a.  Phorm..  90,  218. 
X  Jour.  f.  prakt.  Chem.,  97,  385. 
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readily  soluble  in  acids ;  the  process  of  drying  very  greatly  red  Jicet*  thf 
bulk  of  this  precipitate.  When  dry,  it  presents  the  appeaiunce  of  a  brovu, 
hard  mass,  >vith  shining  conchoidal  fracture.  If  the  precipitant  alkali  ii 
not  used  in  excess,  the  precipitate  contains  basic  salt ;  on  the  other  Land, 
if  the  alkali  has  been  used  in  excess,  a  portion  of  it  is  invariably  carried 
down,  in  combination  with  the  sesquioxide  of  iron,^-on  which  account 
ammonia  alone  can  proi>erIy  be  used  in  analysis,  as  a  precipitant  for  salts  of 
sesquioxide  of  iron.  Under  certain  circumstances,  for  instance,  by  pro- 
tract(jd  heating  of  a  solution  of  acetate  of  sesquioxide  of  iron  on  the 
water-bath  (which  turns  the  solution  from  blood-red  to  brick-red,  and 
makes  it  appear  turbid  by  reflected  light),  and  subsequent  addition  of 
some  sulphuric  acid  or  salt  of  an  alkali,  a  reddish-brown  hydrate  is  pro- 
duced, which  is  insoluble  in  cold  acids,  even  though  concentrated,  and  is 
not  attacked  even  by  boiling  nitric  acid  (L.  Pean  de  St.  Gilles*). 

b.  The  hydrated  sesquioxide  of  iron  is,  upon  ignition,  converted  into 
the  anhi/droti8  sesquioxide.  If  the  hydrated  sequioxide  has  not  been  most 
carefully  and  thoroughly  dried,  the  small  solid  lumps,  though  dry  outside, 
retain  still  a  poi-tion  of  water  confined  within,  the  sudden  conversion  of 
that  water  into  steam,  upon  the  application  of  a  rod  heat,  will  cause  par- 
ticles of  the  sesquioxide  to  fly  about,  and  may  thus  lead  to  loss  of  substance. 
Pure  sesquioxide  of  iron,  when  placed  upon  moist  i-eddened  litmus  paper, 
does  not  change  the  color  to  blue.  It  dissolves  slowly  in  dilute,  but  more 
rapidly  in  concentrated  hydrochloric  acid ;  the  application  of  a  modente 
degree  of  heat  ctFects  this  solution  more  readily  than  boiling.  With  a 
mixtur(j  of  8  parts  concentrated  sulphuric  acid  and  3  parts  water,  it 
behaves  in  the  same  manner  as  alumina. 

The  weight  of  the  sesquioxide  does  not  vary  upon  ignition  in  the  air; 
when  ignited  together  with  chloride  of  ammonium,  sesquichloride  of  iron 
escapes.  Ignition  with  charcoal,  in  a  closed  vessel,  reduces  it  more  orles. 
Strongly  ignited  with  sulphur  in  a  stream  of  hydrogen,  it  is  transfonned 
into  protosulphide. 

Fe, 56  70-00 

O,    24  30-00 


80  100-00 

c.  Sulphide  of  iron,  prod\tced  in  the  humid  way,  forms  a  black  precipi- 
tate. The  following  facts  are  to  be  noticed  with  regard  to  its  precipita- 
tion.f  Sulphide  of  ammonium  used  alone,  whether  colorless  or  yellow, 
precipitates  pure  neutral  solutions  of  protoxide  of  iron,  but  slowly  and 
impeifectly.  Chloride  of  ammonium  acts  very  favorably ;  a  large  exoen 
even  is  not  attended  with  incovenience.  Ammonia  has  no  injuriona 
action.  It  is  all  the  same  whether  the  sulphide  of  ammonium  be  colorka 
or  light  yellow.  If  the  directions  given  are  observed,  iron  may  be  precipi- 
tated by  means  of  sulphide  of  ammonium  from  solutions  containing  only 
^^j^  j—^jj.  of  the  protoxide.  In  such  a  case,  however,  it  is  necessary  to 
allow  to  stand  forty-eight  hours.  Since  the  precipitate  rapidly  oxidizes  in 
contact  with  air,  sulphide  of  ammonium  is  to  be  added  to  the  wash-water, 
and  the  filter  kept  full.  [By  keeping  the  precipitate  with  the  liqnid 
near  the  boiling  point  for  a  long  time  (48  hours),  adding  sulphide  of 


•  Joom.  1  prokt.  Chem.,  66,  137.  f  Ibid.,  82,  ^aa 
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ammonium  from  time  to  tim?,  the  sulphide  of  iron  becomes  dense,  and 
may  be  washed  with  little  danger  of  oxidation.]  It  is  well  to  mix  a  little 
chloride  of  ammonium  with  the  w^ash-water,  but  the  quantity  should  be 
continually  reduced,  and  the  last  water  used  should  contain  none.  In 
mineral  acids,  even  when  very  dilute,  the  hydrated  sulphide  dissolves 
readily.  Mixed  with  sulphur,  and  strongly  ignited  in  a  stream  of  hydro* 
gen,  anhydrous  protosulphide  remains  (H.  Hose). 

Fe 28  63-64 

S 16  36-36 


44  10000 


d.  When  a  neutral  solution  of  a  salt  of  sesquioxide  of  iron  is  mixed 
with  a  neutral  solution  of  an  alkaline  succinate,  a  cinnamon-colored  pre- 
cipitate of  a  brighter  or  darker  tint  is  formed ;  this  is  succinate  of  ses- 
quiox'ule  of  iron  (Fe,  O3,  Cg  H4  Oy).  It  i-^sults  from  the  nature  of  this 
precipitate,  that  its  formation  must  set  free  an  equivalent  of  acid  (suc- 
cinic acid,  if  the  succinate  of  ammonia  is  used  in  excess) ;  e.g,^  2  (Fe, 
03,3  S  03)4-3  (2  NH,  O,  C,  H,  0«)-h2  H  0  =  2  (Fe,  O3,  C^  H,  0«)-f 
6  (N  H,  O,  S  03)-f-2  H  O,  Cg  H^  O^.  The  free  succinic  acid  does  not 
exercise  any  perceptible  solvent  action  upon  the  precipitate  in  a  cold  and 
highly  dilute  solution,  but  it  redissolves  the  precipitate  a  little  more 
readily  in  a  warm  solution.  The  precipitate  must  therefore  be  filtered 
cold,  if  we  want  to  guard  against  re-solution.  Succinate  of  sesquioxide 
of  iron  is  insoluble  in  cold,  and  but  sparingly  soluble  in  hot  water.  It 
dissolves  readily  in  mineral  acids.  Ammonia  deprives  it  of  the  greater 
portion  of  its  acid,  leaving  compounds  ^milar  to  the  hydrated  sesquioxide 
of  iron,  which  contain  from  18  to  30  eq.  Fe,  O3  for  1  eq.  Cg  H4  Og  (Dop- 
ping).  Warm  ammonia  withdraws  the  acid  more  completely  than  cold 
ammonia. 

[«.  If  to  a  hot  solution  of  a  salt  of  sesquioxide  of  iron  carbonate  of 
soda  be  added  till  a  slight  permanent  precipitate  is  formed,  and  this  be 
redissolved  by  a  few  drops  of  hydrochloric  acid,  then  heated  to  boiling, 
and  crystals  of  acetate  of  soda  be  added,  the  whole  of  the  iron  will  be  pre- 
cipitated as  basic  ctcetate  of  sesquioxide.  The  success  of  tliis  operation 
depends  on  the  iron  solution  being  sufiiciently  dilute,  the  free  acid  suffi- 
ciently neuti-alized,  and  the  acetate  of  soda  in  sufficient  quantity.  In- 
stead of  carbonate  and  acetate  of  soda  the  corresponding  salts  of  ammo- 
nia may  be  used.  The  precipitate  may  usually  be  filtered  off  and  washed 
without  any  iron  passing  into  the  filtrate ;  sometimes,  however,  the  re- 
verse is  the  case.  It  is  best  to  filter  immediately,  and  to  use  boiling 
wash-water.  When  these  directions  are  followed,  the  precipitate  is  free 
from  alkali,  but  if  the  precipitate  is  digested  with  the  liquid,  it  fixes  al** 
kali  and  becomes  more  difficult  to  work'*'  (Reichardt)]. 

f.  Instead  of  the  acetate  of  soda  or  ammonia  used  in  «,  the  correspond- 
nig  formiates  may  be  used.  The  haaic  formicUe  of  sesquioxide  of  iron 
here   obtained   is  more  easily   washed  than   the  basic   acetate    (Fr 

SCHULZE  f ). 

•  Fre&  ZeitBohiift,  7.  68.  f  Ohem.  CentralbL,  1861,  3. 


124  FORKS.  [3  82. 

BASES  OP  THE  FIFTH  QBOUP. 

§82. 
1.  Oxide  op  Silver. 
Silver  may  be  weighed  in  the  metallic  state,  as  chloride,  sulphide, 

or  CYAXIDE. 

a,  Metallic  silver,  obtained  by  the  ignition  of  salts  of  silver  with  or- 
ganic acids,  &€.,  is  a  loose,  light,  white,  glittering  mass  of  metallic  lustre; 
but,  when  obtiiined  by  reducing  chloride  of  silver,  <fec.,  in  the  wet  way, 
by  the  agency  of  zinc,  it  is  a  dull  gray  powder.  It  is  not  fusible  over 
a  Berzelius'  lamp.  Ignition  leaves  its  weight  unaltered.  It  dissolves 
readily  and  completely  in  dilute  nitric  acid. 

b.  Chlonde  of  silver,  recently  precipitated,  is  white  and  curdy.     On 
shaking,  the  large  spongy  flocks  combine  with  the  smaller  particles,  so 
that  the  fluid  becomes  perfectly  clear.     This  result  is,  however,  only 
satisfactorily  effected,  when  the  flocks  have  been  produced  in  presence 
of  excess  of  silver  sohition,  and  when  they  have  been  recently  precipi- 
tated (compare  G.  J.  Mulder*).     Chloride  of  silver  is  in  a  very  high 
degree  insoluble  in  water  and  in  dilute  nitric  acid ;  strong  nitric  acid, 
on  the  contrary,  does  dissolve  a  trace.     Hydrochloric  acid,  especially  if 
concentrated  and  boiling,  dissolves  it  very  perceptibly.     On  sufficiently 
diluting  such  a  sohition  with  cold  water  the  chloride  of  silver  falls  out 
so  completely  that  the  filtrate  is  not  colored  by  sulphuretted  hydrogen. 
Chloride  of  silver  is  insoluble,  or  very  nearly  so,  in  concentrated  sul- 
phuric acid ;  in  the  dilute  acid  it  is  as  insoluble  as  in  water.     In  a  solu- 
tion of  tartaric  acid  chloride  of  silver  dissolves  perceptibly  on  wanning ; 
on  cooling,  however,  the  solution  deposits  the  whole,  or,  at  all  events, 
the  greater  part  of  it.     Aqueous  solutions  of  chlorides  (of  sodium,  po- 
tassium, ammonium,  calcium,  zinc,  &c.)   all  dissolve  appreciable  quan- 
tities of  chloride  of  silver,  especially  if  they  are  hot  and  concentrated. 
On  sufficient  dilution  with  cold  wat4)r  the  dissolved  portion  separates  bo 
completely  that  the  filtrate  is   not  colored  by  sulphui*etted  hydrogen. 
The  solutions  of  alkaline  and  alkaline  earthy  nitrates  also  dissolve  a 
little  chloride  of  silver.     The  solubility  in  the  cold  is  trifling ;  in  the  heat, 
on  the  contrary,  it  is  very  perceptible.     A  solution  of  nitrate  of  mercury 
dissolves  chloride  of  silver  to  a  tolerable  extent ;  alkaline  acetates  sepa- 
rate it  from  the  solution.     Chloride  of  silver  dissolves  readily  in  aque^ 
ous  ammonia,  and  also  in  the  solution  of  cyanide  of  potassium  and  Uiat 
of  hyposulphite  of  soda.     Under  the  influence  of  light  the  chloride  of 
silver  soon  chan^jes  to  violet,  finally  black,  losing  chloiine,  and  passing 
partly  into  A%.i  CI.     The    change   is  quite  superficial,  but  the    loss  of 
weight  resulting  Ls  very  appreciable  (Mulder,  op,  cit.  p.  21).     On  long 
contact   (say  for  24   hours)  with  pure  water,  esj)ecially  if  hot  of  75°, 
chloride  of  silver,  altho\igh  removed  from  the  influence  of  light,  becomes 
gray,  and,  it  appe^irs,  decomposed ;  the  precipitate  is  found  to  contain 
oxide  of  silver,  and  the  water  hydrochloric  acid  (Mulder).     On  diges- 
tion with  excess  of  sohition  of  bromide  or  iodide  of  potassium  the  chlo- 
ri<le  of  silver  is  completely  transformed  into  bromide  or  iodide  of  silver, 
iLS  the   case  maybe  (Field  f).     On  drvdng,  chloride  of  silver  becomes 

*  Die  Silbcrprobirmethmle,  translated  into  German  by  D.  Chr.  Grimm,  pp.  19 
and  .SI  1.     Leipzig:  J.  J.Weber.    ISoO. 

f  Quart.  Journ.  of  Chem.  Sac  x.  234  •  Joum.  f.  prakt.  Chem.  73,  404. 
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pulverulent ;  on  heating,  it  acquires  a  yellow  color ;  at  260°  it  ftises  tc 
a  trunsparent  yellow  fluid,  which  on  cooling  presents  the  appearance  of 
a  colorless  and  slightly  yellowish  mass.  At  a  very  strong  heat  it  vola» 
tilizes  unchanged.  It  may  be  readily  reduced  to  metallic  silver,  by  ig* 
niting  it  in  a  current  of  hydrogen  gas. 

Ag 107-97  75-28 

CI 35-46  24-72 


143-43  100-00 

c  StUphide  of  silvery  prepared  in  the  humid  way,  is  a  black  precipi* 
tate,  insoluble  in  water,  dilute  acids,  alkalies,  and  alkaline  siilphides. 
This  precipitate  is  unalterable  in  the  air ;  after  being  allowed  to  sub" 
side,  it  is  filtered  and  washed  with  ease,  and  may  be  dried  at  100°,  with- 
out suffering  decomposition.  It  dissolves  in  concentrated  nitric  acid, 
with  separation  of  sulphur.  Solution  of  cyanide  of  potassium  fails  to 
dissolve  sulphide  of  silver,  except  the  cyanide  be  used  greatly  in  excess. 
Ill  the  latter  case  it  dissolves  to  a  slight  extent,  but  is  generally 
reprecipitated  on  addition  of  water  (Bechamp*).  Ignited  in  a  current 
of  hydrogen,  it  passes  readily  and  completely  into  the  metallic  state  (H. 
Rose). 

Ag 107-97  87-07 

S 16-00  12-93 


123-97  100-00 

d.  Cyanide  of  silvery  recently  thrown  down,  forms  a  white  curdy  pre- 
cipitate insoluble  in  water  and  dilute  nitric  acid,  soluble  in  cyanide  of 
potassium  and  also  in  ammonia ;  exposure  to  light  fails  to  impart  the 
slightest  tinge  of  black  to  it ;  it  may  be  dried  at  100°  without  suffering 
decomposition.  Upon  ignition,  it  is  decomposed  into  cyanogen  gas, 
which  escapes,  and  metallic  silver,  wldch  remains,  mixed  with  a  little 
paracyanide  of  silver.  By  boiling  with  a  mixture  of  equal  parts  of  sul- 
phuric acid  and  water,  it  is,  according  to  Glassford  and  Na^r,  dis- 
solved to  sulphate  of  silver,  with  liberation  of  hydrocyanic  acid. 


Ag..., 

107-97 

26-00 

80-60 
19-40 

* 

133-97 

§  83. 
2.  Oxide  op  Lead. 

100-00 

Lead  is  weighed  as  oxide,  sulphate,  chromate,  and  sulphide, 
besides  these  compounds,  we  have  also  to  study  the  carbonate  and  the 
oxalate. 

o^  Neutral  carbonate  of  lead  foi-ms  a  heavy,  white,  pulverulent  preci- 
pitate. It  is  but  very  slightly  soluble  in  perfectly  pure  (boiled)  water 
(one   part  requiring   50550  parts,  see   Expt.  47,   a)  ;  but  it  dissolves 


♦  Joum.  f.  prakt.  Cbem.  60,  04. 
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somewhat  Tnoi*e  readily  in  water  containing  ammonia  and  ammoniaca] 
salts  (comp.  Expt.  No.  47,  b  and  c).  It  dissolves  also  somewhat  mow 
rea<Uly  in  water  impregnated  with  carbonic  acid,  than  in  pure  water.  It 
loses  its  carbonic  acid  when  iofnited. 

b.  Oxalate  of  lead  is  a  white  powder,  very  sparingly  soluble  in  water. 
Tho  presence  of  ammonia  salts  slightly  increases  its  solubility  (Expt 
No.  48).  When  heated  in  close  vessels,  it  leaves  suboxide  of  lead;  but 
when  heated,  with  access  of  air,  yellow  oxide  (protoxide). 

c.  Oxide,  or  protoxide  of  lead,  produced  by  igniting  the  carbonate  oi 
oxalate,  is  a  lemon-yellow  powder,  inclining  sometimes  to  a  reddish  yel- 
low, or  to  a  pale  yellow.  When  this  yellow  oxide  of  lead  is  heated,  it 
assumes  a  brownish-red  color,  without  the  slightest  variation  of  weight. 
It  fuses  at  an  intense  red  heat.  Ignition  with  charcoal  reduces  it.  When 
exposed  to  a  white  heat,  it  rises  in  vapor.  Place<l  upon  moist  reddened 
litmus  paper,  it  changes  the  color  to  blue.  When  exposed  to  the  air, 
it  slowly  absorbs  carbonic  acid.  Mixed  with  chloride  of  ammonium  and 
ignited,  it  is  converted  into  chloride  of  lead.  Oxide  of  lead  in  a  state 
of  fusion  readily  dissolves  silicic  acid  and  the  earthy  bases  with  which 
the  latter  may  be  combined. 

Pb 103-50  92-83 

O 8-00  7-17 


111-50  10000 

d.  Sulphate  of  lea/l  is  a  heavy  white  powder.  It  dissolves,  at  the 
common  temperature,  in  22800  parts  of  pure  water  (Expt.  No.  49)  ;  it  is 
less  soluble  still  in  water  containing  sulphuric  acid  (one  part  i^uiriug 
3()500  parts — Expt.  No.  50)  ;  it  is  far  more  readily  soluble  in  water  con- 
taining ainmoniacal  salts;  from  this  solution  it  may  be  precipitated  again 
by  adding  sulphuric  acid  in  excess  (Expt.  No.  51).  It  is  almost  entirely 
insoluble  in  alcohol  and  spirit  of  wine.  (.)f  the  salts  of  ammonia,  the 
nithite,  acetate,  and  tarti-ato  are  more  especially  suited  to  serve  as  sol- 
vents for  sulphate  of  lead  :  the  two  latter  ssilts  of  ammonia  are  made 
strongl)%alkaline  by  addition  of  annnonia,  previous  to  use  (Wackes- 
roder).  Sulphate  of  lead  dissolves  in  concentrated  hydrochloric  acid, 
upon  heating.  In  nitric  acid  it  dissolves  the  more  readily,  the  more 
concentrated  and  hotttn-  the  acid  ;  water  fails  to  precipitate  it  from  its 
solution  in  nitric  acid  ;  but  the  addition  of  a  copious  amount  of  dilute 
sulphuric  acid  causes  its  j)recipitation  from  this  solution.*  The  more  nitric 
acid  the  solution  contains,  the  more  sulphuric  acid  is  required  to  throw 
down  the  sulphate  of  lead.  Sulphate  of  lead  dissolves  sparingly  in  con- 
centrated sulphuric  acid,  and  the  dissolved  portion  precipitates  again  upon 
diluting  the  acid  with  water  (more  completely  upon  addition  of  alcohol). 
A  moderately  concentrated  solution  of  hyposulphite  of  soda  dissolves  the 
sulphate  of  lead  completely  even  if  cold,  more  readily  if  warmed ;  on  boil- 
ing, the  solution  becomes  black  from  separation  of  a  small  quantity  of 
sulphide  of  lead  (J.  Lowe  *).  The  solutions  of  carbonates  and  bicar- 
bonates  of  the  alkalies  convert  sulphate  of  lead,  even  at  the  common 
temperature,  completely  into  carbonate  of  lead.  The  solutions  of  the 
carbonates,  but  not  those  of  the  bioarbunatcs,  dissolve  some  oxide  of 
lejul  in  t!iis  pnx.r.ss  (H.  Rose  f ).     Sulphate  of  lead  dissolves  readily  in 

*  Joum.  f.  prakt.  Chem.  74,  348.  f  Poffff-  Annal.  95,  426. 
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hot  solutions  of  potassa  or  soda.  It  is  unalteral  lo  in  the  air,  and  at  a 
gentle  red  heat ;  when  exposed  to  a  higher  degree  of  heat,  it  fuses 
without  suffering  decomposition  (Expt.  No.  52),  provided  always  the 
action  of  reducing  gases  be  completely  excluded — for,  if  this  is  not  the 
ca8e,  the  weight  will  continually  diminish,  owing  to  the  reduction  of 
Pb  O,  S  O3  to  Pb  S  (Erdmann  *).  Fusion  with  cyanide  of  potassium 
reduces  the  whole  of  the  lead  to  the  metallic  state. 


PbO 

111-50 

73-60 

S  O3 

. . . .       40-00 

26-40 

4   •  •  •  •    •  • 

151-50  100-00 

e.  Sulphide  of  lead,  prepared  in  the  wet  way,  is  a  black  precipitate, 
insoluble  in  water,  dilute  acids,  alkalies,  and  alkaline  sulphides.  In  pre* 
cipitating  it  from  a  solution  containing  free  hydrochloric  acid,  it  is 
necessary  to  dilute  plentifully,  otherwise  the  precipitation  will  be  incom- 
plete. Even  if  a  fluid  only  contain  2*5  per  cent.  H  CI,  the  whole  of  the 
lead  will  not  be  precipitated  (M.  Martin  f).  It  is  unalterable  in  the 
air ;  it  cannot  be  diied  at  100°  without  suffering  decomposition.  Ac- 
cording to  H.  Rose  it  increases  percej)tibly  in  weight  by  oxidation ;  in 
the  case  of  long-protracted  drying  even  becoming  a  few  per  cents. 
heavier.J  I  have  confirmed  his  statement  (see  Expt.  No.  53).  If  sul- 
phate of  lead  mixed  with  sulphur  be  exposed  in  a  current  of  hydrogen 
to  a  good  red  heat,  pure  crystalline  Pb  S  remains;  if  a  less  heat  be 
employed,  the  residue  contains  excess  of  sulphur  (H.  Ro8E§).  [Accord- 
ing to  SouchaYjII  sulphide  of  lead  is  obtained  pui-e  by  ignition  with  excess  . 
of  sulphur  in  hydrogen,  if  only  the  lower  one-fourth  of  the  crucible  be 
heated  to  redness  for  5-10  minutes.  The  results  were  rather  too  low 
than  too  high.]  It  dissolves  in  concentrated  hot  hydrochloric  acid, 
with  evolution  of  sulphuretted  hydrogen.  In  moderately  strong  nitric 
acid,  sulphide  of  lead  dissolves,  upon  the  application  of  heat,  with  sepa- 
ration of  sulphur ; — if  the  acid  is  rather  concentrated,  a  small  portion  of 
sulphate  of  lead  is  also  formed.  Fuming  nitric  acid  acts  energetically 
upon  sulphide  of  lead,  and  converts  it  into  sulphate  without  separation 
of  sulphur. 

Pb 103-50  86-61 

8 16-00  13-39 


119-50  100-00 

yi  For  the  composition  and  propei-ties  of  chromate  of  lead,  see  chromic 
acid,  §  93,  2. 

§84. 

3.  Suboxide  op  Mercury;  and  4.  Oxide  op  Mercury. 

Mercury  is  weighed  either  in  the  metallic  state,  as  subchix)ride,  ot 
as  sulphide,  or  occasionally  also  as  oxide. 

o.  Metallic  mercti/ry,  when  pure,  presents  a  perfectly  bright  surface 

""♦  .Tonni   f  prakt.  Chem.  62,  381  t  .Toum.  f.  prakt.  Chem.  67,  374. 

t  Pogg  AnnaL  91,  110 ;  and  110.  134.  §  Fogg.  Annal.  110,  136. 

I  [Fres.  Zeitschrift,  IT.  65.] 
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It  is  unalterable  in  the  air  at  the  common  temperat  ire.  It  boils  «t 
360°.  It  evaporates,  but  very  slowly,  at  summer  temperatares.  Upon 
long-continued  boiling  with  water,  a  small  portion  of  mercury  volatilizes, 
and  traces  escape  along  witli  the  aqiieons  vapor,  whilst  a  veiy  minute 
proportion  remains  suspended  (not  dissolved)  in  the  water  (comp.  Expt. 
No.  54).  This  suspended  portion  of  mercury  subsides  completely  after 
long  standing.  When  mi^tallic  mercury  is  precipitated  from  a  fluid,  in 
a  very  minutely  divided  state,  the  small  globules  will  readily  unite  into 
a  lai-ge  one  if  the  mercury  be  perfectly  j)ure;  but  even  the  slightest  trace 
of  extianc^ous  matter,  such  as  fat,  itc,  adhering  to  the  mercury  will  pre- 
vent the  union  of  the  globules.  Mercury  does  not  dissolve  in  hydro- 
chloric acid,  not  even  in  concentrated ;  it  is  barely  soluble  in  dilute  cold 
sulphuric  acid,  but  dissolves  readily  in  nitric  acid,  and  in  boiling  con- 
cijntrated  sulphuric  acid. 

b,  Snbrhforuh  of  mernin/^  jirepured  in  the  wet  way,  is  a  heavy  white 
powd(jr.  It  is  almost  absolutely  insoluble  in  cold  water  ;  in  boiling  water 
it  is  gradually  decomposed,  the  water  taking  up  chloiine  and  mercury; 
upon  continued  boiling,  the  residue  acquires  a  gray  color.  Highly  dilute 
hydrochloric  acid  fails  to  dissolve  subchloride  of  mercury  at  the  common 
temperature,  but  dissolves  it  slowly  at  a  higher  tempei'ature  ;  upon  ebulli- 
tion, with  access  of  air,  the  whole  of  the  subchloride  is  gradually  dissolved 
by  the  dilute  acid:  the  solution  contains  chloride  of  mercury  (Hgj  C1+ 
II  CI  f  ()=2  Hg  Cl-}-H  O).  Subchloride  of  merciiry,  when  acted  upoD 
by  boiling  concentrated  hydrochloric  acid,  is  rather  speedily  decomposed 
into  mercury,  which  remains  undissolved,  and  chloride  of  mercury,  which 
dissolves.  Boiling  nitric  acid  dissolves  subchloride  of  mercury,  and  con- 
verts it  into  chloride  and  nitrate  of  mercury.  Chlorine  water  and  nitro- 
hydrochloric  acid  dissolve  it  to  chloride,  even  in  the  cold.  Solutions  of 
alkaline  chlorides  decompose  subchloride  of  mercury  into  metallic  me^ 
cury  and  chloride  of  mercury,  which  latter  dissolves  ;  at  a  low  temjiera- 
ture,  this  dc^composition  is  confined  to  a  small  portion  of  the  subchloride, 
but  the  application  of  heat  promotes  the  decomposing  action  of  these 
solutions.  Subchloride  of  mercury  does  not  affect  vegetable  colors ;  itii 
imalterable  in  the  air,  and  may  be  dried  at  100°,  without  suffering  any 
diminuti<3n  of  weight ;  when  exposed  to  a  high(T  degree  of  heat,  thougll 
still  below  redness,  it  volatilizes  completely,  without  previous  fusion. 

Hg, 200-00         84-94 

CI 35-46         16-06 


235-46       100-00 

c.  tSulpJiide  of  vierciiry^  prepared  in  the  wet  way,  is  a  black  .powder, 
insoluble  in  water.     Dilute  hydrochloric  and  dilute  nitric  acid  fail 
dissolve  it,  and  it  remains  insolu})le  even  in  boiling  hydrochloric  acid;  i 
is  only  very  slightly  soluble  in  hot  concentrated  nitric  acid,  but  it  di 
solves  readilv  in  nilrohvdrochloric  acid.     From  a  solution  of  chloride  oi 
mercury,  containing  much  free  hydrochloric  acid,  the  whole  of  the  mei 
cannot  be  precipitated  by   means  of  suli)huretted  hydrogen,  as  Hg 
until  the  solution  is  proj>erly  diluted.     Should  such  a  solution  be  ver-^ 
concentrated,  subchloride  of  mercury  and  s\ilplnir  are  pi-ecipi^  ated  (^f- 
Martin*).     Solution  of  potassa,  even  boiling,  fails  to  dissolve  it.    It 


*  Joum.  f.  prakt.  Chem.  07,  376. 
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^liBsolyes  in  solpliide  of  potassium,  but  readily  only  in  presence  of 
fn»  alkali  (Expt.  No.  55).  Sulphide  of  ammonium,  cyanide  of  potas- 
nnm,  and  sulphite  of  soda  do  not  dissolve  it.  On  account  of  the  solu- 
bility of  sulphide  of  mercury  in  sulphide  of  potassium,  it  is  impossible  to 
pwdpJtate  mercury  by  means  of  sulphide  of  ammonium  completely  froin 
Boktiona  containing  hydrate  or  carbonate  of  potassa  or  soda.  In  the  air 
it  is  ttnalterable,  even  in  the  moist  state,  and  at  100°.  When  exposed 
to  a  higher  temperature,  it  sublimes  completely  and  unaltered. 

Hg 100-00         86-21 

S 16-00         13-79 


110-00       100-00 

d.  Oxide  of  mercurj/y  prepared  in  the  dry  way,  is  a  crystalline  brick- 
colored  powder,  which,  when  exposed  to  the  action  of  heat,  changes  to  the 
color  of  cinnabar,  and  subsequently  to  a  violet-black  tint.  It  bears  a 
tolerably  strong  heat  without  suffering  decomposition ;  but,  when  heated 
to  incipient  redness,  it  is  decomposed  into  mercury  and  oxygen ;  perfect- 
ly pure  oxide  of  mercury  leaves  no  residue  upon  continued  exposure  to 
» red  heat.  The  escaping  fumes  also  should  not  redden  litmus  paper. 
Water  takes  up  a  trace  of  oxide  of  mercury,  acquiring  thereby  a  very 
weak  alkaline  reaction.    Hydrochloric  or  nitric  acid  dissolves  it  readily. 

Hg 100-00         92-59 

O 8-00  7-41 


108-00       100-00 

§85. 

5.  Oxide  op  Copper. 

^Pper  is  usually  weighed  in  the  metallic  state,  or  in  the  form  of 
®xn)E,or  of  subsulphide.  Besides  these  forms,  we  have  to  examine  the 
^^^DE,  the  SUBOXIDE,  and  the  subsulpiiocyanide. 

^  Copper  fuses  only  at  a  white  heat.     Exposure  to  dry  air,  or  to 

flioist  air,  free  from  carbonic  acid,  leaves  the  fused  metal  unaltered ;  but 

^P^^  exposure  to  moist  air  impregnated  with  carbonic  acid,  it  becomes 

^lually  tarnished  and  coated  with  a  film,  first  of  a  blackish-gray,  finally 

,  *  oluish-green  color.      Precipitated  finely  divided  copper,  in  contact 

^th  Water  and  air,  oxidizes  far  more  quickly,  especially  at  an  elevated 

.^^perature.   On  igniting  coj>per  in  the  air,  a  layer  of  black  oxide  forms  on 

s  surface.   Hydrochloric  acid  fails  to  dissolve  it,  even  upon  boiling,  if  the 

^^  excluded ;  but  with  free  access  of  air  it  dissolves  it  slowly.    Copper 

^^"olves  readily  in  nitric  acid.     In  ammonia  it  dissolves  slowly  if  free 

?P^**^  is  given  to  the  air  ;  but  it  remains  insoluble  in  that  menstruum  if 

e  air  is  excluded.    Metallic  copper  brought  into  contact  in  a  closed  vessel 

.  ^"i  Jtolution  of  chloride  of  copper  in  hydrochlonc  acid,  or  with  an  ammo- 

^caj  Solution  of  oxide  of  copper,  reduces  the  chloride  to  subchloride,  or 

^.^xide  to  suboxide,  an  equivalent  of  metal  being  dissolved  for  every 

i^iViiltjnt  of  chloride  or  oxide. 

. !    Oxide  of  copper. — If  a  tliluto,  cold,  aqueous  solution  of  a  salt  of 
^^  of  copper  is  mixed  with  solution  of  potassa  or  soda  in  excess,  a 

9 
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light  blue  precipitate  of  hydrated  oxide  of  copper  (Cu  O,  H  0)  ii 
formed,  whiuh  is  difficult  to  wasli.  If  the  precipitate  be  left  in  the  flnul 
from  which  it  has  been  precipitated,  it  will  gradually  become  browuisk 
black,  and  pass  into  3  Cu  O,  H  O  (Harms  *). 

This  transformation  is  immediate  upon  heating  the  fluid  nearly  to 
boiling.  The  fluid  filtered  off  from  the  black  precipitate  is  free  from 
cu])per.  If  the  solutions  in  question  are  mixed  in  a  concentrated  state, 
in  luldition  to  the  fonnation  of  the  blue  precipitate,  the  fluid  itself  ae- 
(juiros  a  blue  color,  owing  to  a  portion  of  Very  minutely  divided  hy- 
d rated  oxide  remaining  suspcmded  in  it.  From  a  fluid  of  this  descrip- 
tion protracted  boiling  will  fail  to  precipitat-e  all  the  copper;  after  dilu- 
tion with  water,  the  object  is  readily  attained.  If  a  solution  of  a  sah 
of  copper  contains  non-volatile  organic  substances,  the  addition  of  al- 
kali in  excess  will,  even  upon  boiling,  fail  to  precipitate  the  whole  of  the 
copper  as  oxide.  The  hydrate  (3  Cu  O,  H  O)  precipitated  with  potassaor 
soda  from  hot  dilute  solutions  may  be  completely  freed  from  the  preci- 
pitjint  by  washing  with  boiling  water.  Oxide  of  copper,  pi-epared  by 
igniting  the  hydrate  or  carbonate  or  nitrate  of  copper,  is  a  brownish- 
bLick,  or  black  powder,  which  n^mains  unaltered  upon  strong  ignition 
over  the  gas-  or  si)irit-lamp,  pro\4ded  all  reducing  gases  be  excluded 
(Expt.  No.  59).  It  is  very  readily  reduced  by  ignition  with  charcoal, 
or  reduciiig  gases ;  heated  in  t\w  air,  the  reduced  copper  re-oxidizei 
Mixed  with  sulphur  and  ignited  in  a  current  of  hydrogen,  towaVds  the  end 
strongly,  the  oxide  of  coj)|)er  passes  into  subsulphide  (Cu,  S  ;  H.  Kose). 
Oxide  of  copper,  in  contact  with  the  atmosphere,  absorbs  water ;  oxide 
th:it  hjis  been  but  slightly  ignited  absorbs  the  water  more  rapidly  than  such 
as  has  been  strongly  ignited  (Expt.  No.  57).  Oxide  of  copper  is  nearly 
insoluble  in  water;  but  it  dissolves  readily  in  hydrochloric  acid,  nitne 
acid,  tfcc. ;  less  rea<lily  in  ammonia.     It  does  not  affect  vegetable  coloin. 


Cu 

0 

31-70 

8-00 

79-85 
20-15 

39-70  100-00 

c.  Sulphide  of  copper,  prepared  in  the  wet  way,  is  a  brownish-black, 
or  black  precipitate,  almost  absolutely  insoluble  in  water ;  f  when  the 
recently  prepared  precipitate,  in  a  moist  stiite,  is  exposed  to  the  air,  it 
acjjuires  a  greenish  tint  and  the  property  of  reddening  litmus  paper, 
Bul[)hatc  of  copper  being  formed.  Hence  it  must  be  washed  with  water 
cont^iining  sulphuretted  hydrogen.  [When  digested  near  the  boiling 
point  for  many  hours,  ^vith  addition  of  sulphuretted  hydrogen  if  needfol, 
it  is  permanent  in  air,  and  may  bo  washed  with  hot  water  withoiit  dan- 
ger of  oxidation.]  Sulphide  of  copper  dissolves  readily  in  boiling  nitric 
acid,  with  separation  of  sulphur.  Hydrochloric  acid  dissolves  it  with 
difficulty.  This  is  the  reason  why  suli)huretted  hydrogen  precipitates  cop- 
per entirely  from  solutions  which  contain  even  a  very  large  amoiint  of  free 
hydrochloric  acid  (Grundmann  J).     Only  when  we  dissolve  a  copper  sah 


*  Arch,  der  Pharm.  139,  35. 

f  In  some  experiments  that  I  made  when  examining  the  WeUbaoh  wttar 
I  fouud  that  about  950000  parts  of  water  are  required  to  dissolve  1  partol 
Cu  S. 

;  Joum.  f.  prakt.  Chem  73,  241. 
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straight  in  pure  hydrochloric  acid  of  1*1  sp.  gr.  does  any  copper  remain 
unprecipitated  (M.  Martin  *).  It  does  not  dissolve  in  solutions  of  po- 
tassa  and  of  sulphide  of  potassium,  particularly  if  these  solutions  be 
boiling ;  but  it  dissolves  perceptibly  in  sulphide  of  ammonium,  and 
readily  in  cyanide  of  potassium.  Upon  intense  ignition  in  a  current 
of  hydrogen  gas  it  is  converted  into  i)ure  Cu.^  S. 

d.  Suboxide  of  copper, — If  the  blue  solution  which  is  obtained  uj)on  add- 
ing to  solution  of  oxide  of  copper  tartaric  acid  and  then  solution  of  soda  in 
excess,  is  .mixed  with  solution  of  grape  sugar  or  sugar  of  milk,  and  heat 
ap})lied,  an  orange-yellow  precipitate  of  hydi-ated  suboxide  of  copper  is 
formed,  which  contains  the  whole  of  the  copper  originally  present  in  the 
solution,  and  after  a  short  time,  more  particularly  upon  the  application 
of  a  somewhat  strong  heat,  turns  red,  owing  to  the  conversion  of  the 
hydrate  into  anhydrous  suboxide  (Cu^  O).  The  precipitate,  which  is 
insoluble  in  water,  retains  a  portion  of  alkali  with  considerable  tena- 
city. When  acted  upon  with  dilute  sulphuric  acid,  it  gives  sulphate 
of  copper,  which  dissolves,  and  metallic  copper,  which  separates. 

e.  Subsvlphocyanide  of  copper  (Cug,  Cy  S.2),  formed  when  sulpho- 
cyanide  of  potassium  is  added  to  a  solution  of  oxide  of  copper,  mixed 
with  sulphurous  or  hypophosphorous  acid,  is  a  white  precipitate  insolu- 
ble in  water,  and  in  dilute  hydrochloric  or  sulphuric  acid.  On  drying 
the  salt  retains  water,  and  is,  therefore,  not  adapted  for  direct  weighing. 
When  mixed  with  sulphur  and  ignited  in  hydrogen,  it  yields  Cu^  S. 

f.  Subsulphide  of  copper  separates  from  hot  dilute  acid  solutions  on 
addition  of  hyposulphite  of  soda,  as  a  black  precipitate  that  may  be 
washed  withoiit  risk  of  oxidation.  When  produced  by  heating  Cu  S  in 
a  current  of  hydrogen  gas,  or  Cug,  Cy  85,  with  sulphur,  it  is  a  grayish- 
black  mass,  which  may  be  ignited  and  fused,  without  suffering  decompo- 
sition, if  the  air  is  excluded. 


Cu, 63-40 

8 1600 

79-86 
20-15 

79-40 

100-00 

§86. 

6.  Teroxidk  of  Bismuth. 

Bismuth  is  weighed  in  the  form  of  teroxide  or  as  chromate  (Bi  O3, 
2   Cr  O,).     Besides  these  compounds,  we  have  to  study  here  the  basic 

CARBONATE,  the  BASIC  NITRATE,  and  the  TER8ULPHIDE. 

a.  Teroxide  of  bismuth,  prepared  by  igniting  the  carbonate  or  nitrate, 
is  a  pale  lemon-yellow  powder  which,  under  the  influence  of  heat,  as- 
sumes transiently  a  dark  yellow  or  reddish-brown  color.  When  heated 
to  intense  redness,  it  fuses,  without  alteration  of  weight.  Ignition 
-with  charcoal^  or  in  a  current  of  carbonic  oxide  gas,  reduces  it  to  the 
metallic  state.  Fusion  with  cyanide  of  potassium  also  effects  its  com- 
plete reduction  to  the  metallic  state  (H.  Kose  f).  It  is  insoluble  in 
water,  and  does  not  affect  vegetable  colors.      It  dissolves  readily  in 

•  Jonm.  1  prakt.  Chem.  67,  375. 
t  Ibid  61,  188 
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those  acids  which  form  soluble  salts  with  it.  When  ignited  with 
chloride  of  aminoiiiuni  it  gives  metallic  bismuth,  the  reduction  being 
attended  with  deflagration. 

Bi 208  89-656 

O3 24  10-346 


232  100-000 

b.  Carbonate  of  bismuth, — Upon  adding  carbonate  of  ammonia  in 
excess  to  a  solution  of  bismuth,  free  from  hydrochloric  acid,  a  white 
precipitate  of  carbonate  of  bismuth  (Bi  O3,  C  Oj)  is  immediately  formed; 
part  of  this  precipitate,  however,  redissolves  in  the  excess  of  the  pre- 
cipitant. But  if  the  fluid  with  the  precipitate  be  heated  before  filtra- 
tion, the  filtrate  will  be  free  fi-om  bismuth.  (Carbonate  of  potassa  like- 
wise precipitates  solutions  of  bismuth  completely ;  but  the  precipitate 
in  this  case  invariably  contains  traces  of  potassa,  which  it  is  very  diffi- 
cult to  remove  by  washing.  Carbonate  of  soda  precipitates  solutions  of 
bismuth  less  complctc^ly  than  the  carbonates  of  ammonia  and  potassa.) 
The  precipitate  obtained  by  means  of  carbonate  of  ammonia,  is  easily 
washed ;  it  is  very  nearly  insoluble  in  water,  but  dissolves  readily,  witk 
effervescence,  in  hydrochloric  acid  and  nitric  acid.  Upon  ignition  ifc 
loses  its  carbonic  acid,  leaving  teroxide  of  bismuth. 

c.  The  basic  nitrate  of  bisifiutli,  which  is  obtained  by  miTing  with 
watcT  a  solution  of  the  nitrate  containing  little  or  no  free  acid,  present! 
the  appears  Dce  of  a  white,  crystalline  powder.  It  cannot  be  washed 
with  pure  cold  water,  without  8ufi<Sring  a  decided  alteration.  It  becomes 
more  basic,  while  the  washings  show  an  acid  reaction,  and  contain  bis- 
muth. If  the  basic  salt,  however,  be  washed  with  cold  water  contain- 
ing ^j^^  of  nitrate  of  ammonia,  no  bismuth  passes  through  the  filter. 
T^ie  solution  of  nitrate  of  ammonia  must  not  be  warm.  These  remarks 
only  apply  in  the  absence  of  free  nitric  acid  (J.  Lowe*).  On  ignition 
the  basic  nitrate  jmsses  into  the  piiro  teroxide. 

c/.  Chr ornate  of  bismuth  (Bi  O3,  2  Cr  O3),  which  is  produced  by  add- 
ing bichromate  of  potassa,  slightly  in  excess,  to  a  neutral  solution  of 
nitrate  of  bismuth,  is  an  orange-yellow,  dense,  readily-subsiding  precipi- 
tate, insoluble  in  water,  even  in  presence  of  some  free  chrondc  acid,  but 
soluble  in  hydrochloric  acid  and  nitric  acid.  It  may  be  dried  at  froni 
100°  to  112°,  without  sufltTing  decomposition  (Lowe  f  )• 

Bi  O3 232-00  69-78 

2Cr03 100-48  30*22 


332-48  100-00 


e,  Ter87iJphi(Ie  of  bismuth^  prepared  in  the  wet  way,  is  a  brownish- 
black,  or  bliick  prooij)itate,  insoluble  in  water,  dilute  acids,  alkalies,  al- 
kaline sulphides,  sulphite  of  soda,  and  cyanide  of  potassium.  In  mod* 
erately  concentrated  nitric  acid  it  dissolves,  especially  on  warming,  to 
nitrate,  -vs-ith  scj)ariition  of  sulphur.  Hence  in  precipitating  bismuth 
from  a  nitric  acid  solutir)n,  care  should  be  tak(;n  to  dilute  sufficiently. 
Hydrochloric  acid  impedes  the  precipitation  of  bismiith  by  sulphuretted 
hydrogen  only  whcMi  a  vt-ry  large  cxc(>f;s  is  present,  and  the  fluid  is  quite 

•  Joum.  f.  prakt.  Chem.  74,  341.  f  Ibid.  67,  291. 
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concenli*ated.     The  sulphide  does  not  change  in  the  air.     Dried  at  100**, 
it  coDtinually  takes  up  oxygen  and  increases  slightly  in  weight ;  if  the 
drying  is  protracted  this  increase  may  be  considerable  (Expt.  No.  58). 
Fused  with  cyanide  of  potassium,  it  is  completely  reduced  (H.  Kose) 
Reduction  takes  place  more  slowly  by  ignition  in  a  current  of  hydrogen. 
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§87. 

7.  Oxide  op  Cadmium. 

Cadmium  is  weighed  either  as  oxide  or  as  sulphide.  Besides  these 
substances,  we  have  to  examine  carbonate  of  cadmium. 

a.  Oxide  of  cadmium,  produced  by  igniting  the  carbonate  or  nitrate 
of  cadmium,  is  a  powder,  the  color  of  which  varies  from  yellowish  brown 
to  reddish  brown.  The  application  of  a  white  heat  fails  to  fuse,  volati- 
lize, or  decompose  it ;  it  is  insoluble  in  water,  but  dissolves  readily  in 
acids ;  it  does  not  alter  vegetable  colors.  Ignition  with  charcoal,  or  in 
a  current  of  hydrogen,  cai-bonic  oxide,  or  carburetted  hydrogen,  reduces 
it  readily,  the  metallic  cadmium  escaping  in  the  form  of  vapor. 
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b.  Carbonate  of  cadmium  is  a  white  precipitate,  insoluble  in  water 
and  in  the  fixed  alkaline  carbonates,  and  extremely  sparingly  soluble  in 
carbonate  of  anmionia.  It  loses  its  water  completely  upon  desiccation. 
Ignition  converts  it  into  oxide. 

c.  /Sulphide  of  cadmium^  produced  in  the  wet  way,  is  a  lemon-yellow 
to  orange-yellow  precipitate,  insoluble  in  water,  dilute  acids,  alkaUes, 
alkaline  sulphides,  sulphite  of  soda,  and  cyanide  of  potassium  (Expt. 
No.  59).  It  dissolves  readily  in  concentrated  hydrochloric  acid,  with 
evolution  of  sulphuretted  hydrogen.  In  precipitating,  therefore,  with 
sulphuretted  hydrogen,  a  cadmium  solution  should  not  contain  too 
much  hydrochloric  acid,  and  should  be  sufficiently  diluted.  The  sulphide 
dissolves  in  moderately  concentrated  nitric  acid,  with  separation  of  sul- 
phur. It  may  be  washed,  and  dried  at  100°  or  105°,  without  under- 
going decomposition.  Even  on  gently  igniting  the  sulphide  of  cadmium 
in  a  current  of  hydrogen,  it  volatilizes  in  appreciable  amount  (H.  Rose*), 
partially  unchained,  partially  as  metallic  vapor. 

Cd 56-00  77-78 

S 16-00  22-22 
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•  Pogg.  Annal.  110, 134. 
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METALLIC   OXIDES   OF  THE   SIXTH   GROUP. 

§88. 

1.  Teroxide  op  Gold. 

Gold  is  always  weighed  in  the  metallic  state.  Besides  metallic  GOUI 
we  have  to  consider  the  tersulphide. 

a.  Metallic  gold,  obtained  by  pi*ecij)itation,  presents  the  appearance  of 
a  blackish-brown  powder,  destitute  of  metallic  lustre,  which  it  assumes, 
however,  upon  pressure  or  friction  ;  when  coherent  in  a  compact  maaa, 
it  exhibits  the  well-known  bright  yellow  color  peculiar  to  it.  It  fuaa 
only  at  a  white  heat,  and  resists,  accordingly,  all  attempts  at  fusion  oTer 
a  spirit-lamp.  It  remains  wholly  unaltered  in  the  air  and  at  a  red  heat, 
and  is  not  in  the  slightest  degree  affected  by  wat<jr,  nor  by  any  simple 
acid,     Nitrohydrochloric  acid  dissolves  it  to  terchloride. 

b,  IV^sulphiJe  of  gold, — When  sulphuretted  hydrogen  is  transmitted 
througli  a  cold  dilute  solution  of  terchloride  of  gold,  the  whole  of  tfcj 
gold  separates  as  tersulphide  (Au  S3),  in  form  of  a  brownish-black  pre- 
cipitate. If  this  precipitate  is  left  in  the  fluid,  it  is  gradually  transformed 
into  metallic  gold  and  free  sulphuric  acid.  Upon  transmitting  sulphuret- 
ted hydrogen  through  a  warm  solution  of  terchloride  of  gold,  a  protosul- 
phide  ( Au  S)  precipitates,  with  simultaneous  formation  of  sulphuric  and 
hydrochloric  acids. 

(2  Au  CI,, +3  H  S-f  3  H  0=2  Au  S+6  H  a-f  S  O,.) 

Tlie  tersulphide  is  insoluble  in  water,  hydi*ochloric  acid,  and  uitric 
acid,  but  dissolves  in  nitrohydrochloric  acid,  Tlie  colorless  sulphide  of 
ammonium  fails  to  dissolve  it ;  but  it  dissolves  almost  entirely  in  the 
yellow  .suli)hide  of  ammonium,  and  completely  upon  addition  of  potaast. 
It  dissolves  in  potjissa,  with  separation  of  gold.  Yellow  sulphide  of 
potassium  dissolves  it  completely.  Exposure  to  a  moderate  heat  redaeei 
it  to  the  metallic  state. 

§89. 

2.   BiNOXIDE  OF  PlATINnH. 

I 

Platinum  is  invariably  weighed  in  the  metallic  state  ;  it  is  genendlj 
precipitat<jd  as  bichloride  of  platinum  and  chloride  of  amxoniux, 
or  as  bichloride  of  platinum  and  chloride  of  potassium,  rardj  ai 
bisulphide  of  platinum. 

a.  3fetallic  platinum,  produced  by  igniting  the  bichloride  of  platiDttm 
and  chloride  of  ammonium,  or  the  bichloride  of  platinum  and  chloride 
of  potassium,  presents  the  appearance  of  a  gi^y,  lustreless,  porous  maa 
(spongy  platinum).  The  fusion  of  platinum  can  be  effected  only  at  the 
very  highest  degiees  of  heat.  It  remains  wholly  imaltered  in  the  air, 
and  even  the  most  intense  heat  of  our  furnaces  fails  to  afiect  it.  It  k 
not  attacked  by  water,  or  simple  acids,  and  scarcely  by  aqueous  solutioiii 
of  the  alkalies.     Nitrohydrochloric  acid  dissolves  it  to  bichloride. 

b.  The  properties  of  bichlon<le  of  platinum  and  cfdoride  of  potatWHm^ 
and  those  of  bichloride  of  platinum  and  cJdoride  of  ammoniumj  have  beea 
given  already  in  §§  08  and  70  respectively. 

c.  Jiis^tdjihide  of  platinum, — When  a  conceuti'ated  solution  of  bidilp* 
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ride  of  platinum  is  mixed  with  sulphui-etted  hydrogen  water,  or  when 
sulphuretted  hydrogen  gas  is  ti*ansmitted  through  a  rather  dilute  solu- 
tion of  the  bichloride,  no  precipitate  forms  at  first ;  after  standing  some 
time,  however,  the  solution  turns  brown,  and  finally  a  precipitate  sub- 
sides. But  if  the  mixture  of  solution  of  bichloiide  of  platinum  with 
sulphuretted  hydrogen  in  excess,  is  gi-adually  heated  (finally  to  ebulli- 
tion), the  whole  of  the  platinum  separates  as  bisulphide  (free  from  any 
admixtui*e  of  bichloride).  The  bisulphide  of  platinum  is  insoluble  in 
"wat(T  and  in  simple  acias ;  but  it  dissolves  in  nitrohydrochloric  acid. 
It  dissolves  partly  in  caustic  alkalies,  with  separation  of  platinum,  and 
completely  in  alkaline  sulphides.  When  sulphuretted  hydrogen  is  trans- 
mitted through  water  holding  minutely  divided  bisulpihide  of  platinum 
in  suspension,  the  bisulphide,  absorbing  sulphuretted  hydrogen,  acquires 
a  light  grayish-brown  color ;  the  sulphuretted  hydrogen  thus  absorbed, 
separates  again  upon  exposure  to  the  air.  When  moist  bisulphide  of 
platinum  is  exposed  to  the  air,  it  is  gi*adually  decomposed,  being  con- 
verted into  metallic  platinimi  and  sulphuric  acid.  Ignition  in  the  aix 
reduces  bisulphide  of  platinum  to  the  metallic  state. 

§90. 
3.  Teroxide  op  Antimony. 

Antimony  is  weighed  as  tersulphide,  as  antimonious  acid,  or  more 
rarely  in  the  metallic  state. 

a.  Upon  transmitting  sulphuretted  hydrogen  through  a  solution  of 
terchloride  of  antimony  mixed  with  tartaric  acid,  an  orange-red  pre- 
cipitate of  amorphous  tersulphide  is  obtained,  mixed  at  first  with  a  small 
portion  of  basic  terchloride  of  antimony.  However,  if  the  fluid  is  thor- 
oughly saturated  with  sulphuretted  hydrogen,  and  a  gentle  heat  applied, 
the  terchloride  mixed  with  the  precipitate  is  decomposed,  and  the  pure 
tersulphide  of  antimony  obtained.  Tei*sulphide  of  antimony  is  insoluble 
in  water  and  dilute  acids  ;  it  dissolves  in  concenti-ated  hydrochloric  acid, 
with  evolution  of  sulphuretted  hydrogen.  In  precipitating  with  sul- 
phui-etted  hydrogen,  therefore,  antimony  solutions  should  not  contain 
too  much  free  hydrochloric  acid,  and  should  be  suflSciently  diluted.  The 
amorphous  tersulphide  dissolves  readily  in  potassa,  sulphide  of  ammo- 
nium, and  sulphide  of  potassium,  sparingly  in  ammonia,  very  slightly  in 
carbonate  of  ammonia,  and  not  at  all  in  bisulphite  of  potassa.  The  amor- 
phous sulphide,  dried  in  the  desiccator  at  the  ordinary  temperatui-e, 
loses  very  little  weight  at  100° ;  if  kept  longer  at  this  latter  temperature, 
its  weight  remains  constant.  But  it  still  retains  a  little  water,  which 
does  not  perfectly  escape  even  at  190°,  but  at  200°  the  sulphide  becomes 
anhydrous,  turning  black  and  crystalline  (H.  Rose*  and  Expt.  No.  60). 
Ignited  gently  in  a  stream  of  carbonic  acid,  the  weight  of  this  anhydrous 
sulphide  remains  constant ;  in  a  very  intense  heat,  a  small  amount  vola- 
tilizes. The  amorphous  sulphide,  if  long  exposed  to  the  action  of  air, 
in  presence  of  water,  slowly  takes  up  oxygen,  so  that  on  treatment  with 
tartaric  acid  it  yields  a  filtrate  containing  teroxide. 

The  sulphides  corresponding  to  the  antimonious  and  antimonic  acids 
are  equally  insoluble  in  water,  also  in  water  containing  sulphuretted 
hydrogen.     The  pure  pentasulphide  dissolves  completely  in  ammonia, 

*  Joam.  f.  prakt  Chem.  59,  831. 
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especiall J  on  wanning ;  traces  only  dissolve  in  carbonate  of  ammoiui. 
On  heating  the  di-ied  pentasulphide  in  a  current  of  carbonic  acid  2  eq. 
of  sulphur  escape,  black  crystalline  tersulphide  remaining. 

On  treating  the  ter-  or  peuta-sulphide  with  fuming  nitric  acid  Tioloil 
oxidation  sets  in.  We  obtain  first  antimonic  acid  and  pulTerulent  sept- 
rated  sulphur ;  on  evaporating  to  dryness,  antimonic  acid  and  sulphuiio 
acid ;  and  lastly,  on  igniting,  antimonious  acid.  The  same  (antimonioiii 
acid)  is  obtained  by  igniting  the  sulphide  with  30  to  50  times  iti 
amount  of  oxide  of  mercury  (Bunsen  *).  Ignition  in  a  current  of  hj- 
drogen  converts  the  sulphides  of  antimony  ijito  the  metallic  state. 

Sb 122-00  71-77 
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h,  Antimoniofis  acid  is  a  wliite  powder,  which,  when  heated,  acquires 
transiently  a  yellow  tint ;  it  is  infusible ;  it  is  fixed,  provided  redudng 
gases  be  excluded.  It  is  almost  insoluble  in  water,  and  dissolves  in 
hydrochloric  acid  with  very  great  difficulty.  It  undergoes  no  alteration 
on  treatment  with  sulphide  of  ammonium.  It  manifests  an  add  reio- 
tion  when  placed  upon  moist  litmus  paper. 

Sb 122-0  79-22 
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c.  Metallic  antimony,  produced  in  the  wet  way,  by  precipitation,  pro- 
sents  the  appearance  of  a  lustreless  black  powder.  It  may  be  dried  at 
100°  without  suffering  any  alteration.  It  fuses  at  a  moderate  red  heai 
Upon  ignition  in  a  current  of  gas,  e.g.  hydrogen,  it  volatilizes,  withoat 
formation  of  antimonetted  hydrogen.  Hydrochloric  acid  has  very  little 
action  on  it,  even  when  concentrated  and  upon  ebullition.  Nitnc  acid 
converts  it  into  teroxide  of  antimony,  mixed  with  more  or  less  antimo- 
nious acid,  according  to  the  concentration  of  the  nitric  acid. 

§91. 
4.  Protoxide  op  Tin;  and  5.  Binoxide  op  Tin. 

Tin  is  generally  wtdghed  in  the  form  of  binoxide  ;  besides  the  binox- 
ide, we  have  to  exaniino  PROTosrLPHiDE  and  bisulphide  of  tin. 

a.  JBiiwxi'fe  of  tin. — The  hydrate  of  the  binoxide  h  {hydrated  i9Mto- 
stanni/;  nH't)  is  obtained  in  the  form  of  a  white  precipitate,  by  the  action 
of  nitric  acid  upon  motallic  tin,  or  by  evaporating  a  solution  of  tin  with 
nitric  acid  in  excess.  This  prccipitjito  is  insoluble  in  water,  nitric  acid, 
an<l  sulphuric  acid,  and  dissolves  but  sparingly  in  hydrocldoric  acid.  It 
reddous  litmus,  even  when  thoroughly  washed.  But  if  we  precipitate 
solution  of  bichloride  of  tin  with  an  alkali,  or  with  sulphate  of  soda,  or 
niti*ate  of  ammonia,  we  obtain  the  hydnite  of  the  binoxide  a,  which  dis- 
solves readily  in  hydrochloric  acid.  Uj>on  intense  ignition,  both  hy- 
drates are  converted  into  the  anliydrous  binoxide  of  tin.  Mere  heatiiig 
to  redness  is  not  sufficient  to  expel  all  the  water  (Dumas  f). 

*  Annal.  d.  Chem.  u.  Pharm.  106,  8. 
f  Ibid.  105,  104. 
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Binoxide  of  tiu  is  a  straw-colored  powder,  whicli,  under  the  influence 
of  heat^  transiently  assumes  a  ditierent  tint,  varying  from  bright  yellow 
to  brown.  It  is  insoluble  in  water  and  acids,  and  does  not  alter  the 
color  of  litmus  paper.  Mixed  with  chloride  of  ammonium  in  excess, 
and  ignited,  it  volatilizes  completely  as  bichloride.  If  binoxide  of  tin  is 
fused  with  cyanide  of  potassium,  al]  the  tin  is  obtained  in  form  of  metal* 
lie  globules,  which  may  be  completely,  and  without  the  least  loss  of 
metal,  freed  from  the  adhering  slag,  by  extracting  with  dilute  spirit  of 
wine  and  rapidly  decanting  the  fluid  fh)m  the  tin  globules  (H.  KosB  *). 

Sn 69  78-67 

0 16  21-33 
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b.  Hydrctted  protoaulphide  of  tin  forms  a  brown  precipitate,  insoluble 
in  water,  sidphuretted  hydrogen  water,  and  dilute  acids.  In  precipita- 
ting tin  from  solutions  of  the  protoxide  by  means  of  sulphuretted  hy- 
drogen, free  hydrochloric  acid  must  not  be  present  in  too  large  amount, 
and  the  solution  must  be  diluted  sufficiently.  Ammonia  fails  to  dissolve 
it ;  but  it  dissolves  pretty  readily  (as  bisulphide)  in  the  yellow  sulphide 
of  ammonium,  and  in  the  yellow  sulphide  of  potassium ;  it  dissolves 
readily  in  hot  concentrated  hydrochloric  acid.  Heated,  with  exclusion 
of  rfir,  it  loses  its  water  of  hydration,  and  is  converted  into  anhydrous 
protosulphide  of  tin ;  when  exposed  to  the  continued  action  of  a  gentle 
heat,  with  free  access  of  air,  it  is  converted  into  sulphurous  acid,  which 
escapes,  and  binoxide  of  tin,  which  remains. 

c.  Hydrated  bisulphide  of  tin  forms  a  light-yellow  precipitate.  In 
washing  with  pure  water,  it  is  inclined  to  yield  a  turbid  filtrate  and  to 
stop  up  the  pores  of  the  filter ;  this  annoyance  is  got  over  by  washing 
with  water  containing  chloride  of  sodium,  acetate  of  ammonia,  or  the 
like  (Bunsen).  On  drying,  the  precipitate  assumes  a  darker  tint.  It 
is  insoluble  in  water ;  it  dissolves  with  difficulty  in  ammonia,  but  read- 
ily in  potassa,  alkaline  sulphides,  and  hot  concentrated  hydrochloric 
acid.  It  is  insoluble  in  bisulphite  of  potassa.  In  precipitating  tin  from 
solutions  of  the  binoxide  by  sulphuretted  hydrogen,  the  solution  should 
not  contain  too  much  free  hydrochloric  acid,  and  should  be  sufficiently 
diluted.  When  heated,  with  exclusion  of  air,  it  loses  its  water  of  hy- 
dration, and,  at  the  same  time,  according  to  the  greater  or  less  degree  of 
heat  applied,  one-half,  or  a  whole  equivalent  of  sulphur,  becoming  con- 
verted either  into  sesquisulphide,  or  into  protosulphide  of  tin ;  when 
heated  Tery  slowly,  with  free  access  of  air,  it  is  converted  into  binoxide 
of  tin,  with  disengagement  of  sulphurous  acid. 

§  92. 

6.  Absenious  Acid;  and  7.  Arsenic  Acid. 
Arsekig  is  weighed  either  as  arseniate  of  lead,  as  tersulphide,  as 

ARSENIATE  OF  MAGNESIA  AND  AMMONIA,  Or  as  BASIC  ARSENIATE  OF  SESQUI- 

oxiDR  OF  IRON ;  besides  these  forms,  we  have  here  to  examine  also  Aiu 

SENIO-MOLTBDATE  OF  AMMONIA. 

o.  ArMnvaU  of  Ucui^  in  the  pure  state,  is  a  white  powder,  which  agglu* 

*  Joom.  f.  prakt.  Chem.  61, 189. 
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tinat'es  when  exposed  to  a  gentle  red  heat,  at  the  same  time  transitorilj 
acfiuiriug  a  yellow  tint ;  it  fuses  when  exposed  to  a  higher  degree  of  beau 
When  strongly  ignited,  it  suffers  a  slight  diminution  of  weight,  Icsiii^  a 
small  proportion  of  arsenic  acid,  which  escapes  as  ansenious  acid  aiid 
oxygen.  In  analysis  we  have  never  occasion  to  operate  upon  the  pure 
arseniate  of  lead,  but  upon  a  mixture  of  it  with  free  oxide  of  lead. 

6.  Tersidphide  of  arsenic  fonns  a  precipitate  of  a  rich  yellow  color ;  it 
is  insoluble  in  water,*  and  also  in  sulphuretted  hydrogen  water.  When 
boiled  with  water,  or  left  for  several  days  in  contact  with  that  fluid,  it 
undtjrgoes  a  very  trifling  dcjcomi^osition :  a  trace  of  arsenious  acid  dis- 
solvos  in  the  water,  and  a  minute  proportion  of  sulphuretted  hydrogen  ii 
disengaged.  This  does  not  in  the  least  interfere,  however,  with  the 
washing  of  the  precipitate.  The  precipitate  may  be  dried  at  100°,  witli- 
out  surttjring  decomposition  ;  the  whole  of  the  water  which  it  contains  is 
expelled  at  that  temperature.  When  exposed  to  a  stronger  heat,  tersul- 
phide  of  arsenic  ti*ansitori1y  assumes  a  brownish-red  color,  fuses,  and 
finally  rises  in  vapor,  without  suffering  decomposition.  It  dissolvei 
readily  in  alkalies,  alkaline  carbonates,  alkaline  sulphides,  bisulphite  of 
potussa,  and  nitrohydrochloric  acid  ;  but  it  is  scarcely  soluble  in  boiling 
concentrated  hydrochloric  iicid.  Ked  fuming  nitric  acid  conTerts  it  into 
arsenic  acid  and  sulphuric  acid. 

As 75     60-98 

S3 48     39-02 
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c.  Arseniate  of  magnesia  and-  ammonia  forms  a  white,  somewhat  trans- 
parent, finely  crystalline  precipitate,  which  has  the  formula  2  Mg  O,  N  H| 
O,  As  O5  +  12  aq. 

At  100°,  it  loses  1 1  eq.  water  ;  the  formula  of. the  precipitate  dried  tX 
that  temperature  is  accordingly  2  Mg  O,  N  H4  O,  As  O5  -f-  ^9-  Upon 
ignition  it  loses  its  water  and  ammonia,  and  changes  to  2  Mg  O,  As  0^ 
But  as  the  ammoniacal  gas  (jxercises  a  reducing  action  upon  the  arsenio 
acid,  the  new  compound  suffers  a  loss  of  weight,  which  is  the  more  con- 
siderable the  longer  the  ignition  is  continued  ;  it  amounts  to  from  4 — 12 
per  cent,  of  the  arsenic  originally  present  in  the  salt  (H.  Rose).  Arseniate 
of  magnesia  and  ammonia  dissolves  very  sparingly  in  water,  one  part  of 
the  salt  dried  at  100°,  rei|uiring  2050,  one  part  of  the  anhydrous  sah^ 
2788  parts  of  water  of  15°.  It  is  still  more  sparingly  soluble  in  ammo- 
iiiated  water,  one  part  of  the  sjdt  dried  at  100°  requiring  15038,  one  part 
of  the  anhydrous  salt,  1 5780  parts  of  a  mixture  of  one  part  of  solution  of 
ammonia  (0*90  sp.  gr.),  and  3  parts  of  water  at  15°.  In  water  contain- 
ing chloride  of  ammonium,  it  is  much  more  readily  soluble,  one  part  of  the 
anhydrous  salt  requiring  880  paints  of  a  solution  of  one  part  of  chloride  of 
ammonium  in  7  parts  of  water.  Presence  of  ammonia  diminishes  Uw 
solvent  capacity  of  i\\Q  chloride  of  ammonium  solution :  one  part  of  the 
anhydrous  siilt  requires  30 14  parts  of  a  mixture  of  60  parts  of  water,  10  of 
solutiim  of  ammonia  (0*90  sp.  gr.)  and  one  of  chloride  of  ammoniuip^f 

*  In  some  experiments  which  I  hod  occasion  to  make,  in  the  coarse  of  aa  vauif' 
sis  of  tho  springs  of  Wielbach  (Ohemischo  Untersnehung  der  wichtigsten  M.aenb 
wasscr  des  Herzogtbums  Nassau  von  Dr.  Fresenius,  V.  Schwefelqaelle  za  Weil- 
bach.  Wiesbaden,  Krcidel  and  Nledner.  1850),  I  found  t^at  one  part  ol  Af  8i 
dissolves  in  about  1  million  parts  of  water. 

f  Zeitschrif  1 1  anal  Ghem.  3  206. 
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COMPOSITION   OF   TUE   ARSENIATE   OF   MAGNESIA  AND   AMMONIA 

DRIED   AT    100°. 

2MgO 40  21-05 

N  H,  O 26  13-68 

AsOft    116  60-53 

HO    9  4-74 


190  100-00 

d.  ArsenicUe  of  sesquioxide  of  iron. — The  white  slimy  precipitate,  pro* 
duced  by  the  action  of  ordinary  arseniate  of  soda  upon  solution  of  sesqui* 
chloride  of  iron,  has  the  composition  2  Fe,  O3,  3  H  O,  3  As  O5  -f-  9  aq. 
Tt  dissolves  in  solution  of  ammonia,  imparting  a  yellow  color  to  the  fluid. 

Besides  this  compound,  there  exist  still  several  others,  with  larger  pro- 
portions of  sesquioxide  of  iron ;  thus  we  have  Ee^  O3,  As  O5,  which  falls 
down  -f  5  aq.  upon  the  precipitation  of  arsenic  acid  with  acetate  of  ses- 
quioxide of  iron  (Kotschoubey)  ;  2  Fe^  O3,  As  O^,  which  is  obtained  -f 
12  aq.,  when  basic  arseniate  of  protoxide  of  iron  is  oxidized  with  nitric 
acid,  and  ammonia  added ; — 1 6  Fe^  O3,  As  O5,  which  forms  -f  24  aq., 
upon  boiling  the  less  basic  compounds  with  solution  of  potassa  in  excess ; 
(Berzelius).  The  two  latcer  compounds  are  not  soluble  in  ammonia ;  the 
last  is  quite  like  hydrated  sesquioxide  of  iron.  [Doubtless  the  basic 
arseniate  of  sesquioxide  of  iron,  like  the  analogous  phosphate,  loses  acid 
as  long  as  it  is  washed,  and  therefore  the  precipitate  has  no  definite  com- 
position.] In  Berthier's  method  of  estimating  arsenic  acid,  we  obtain  mix- 
tures of  these  different  salts.  They  are  the  better  adapted  for  the  purpose, 
the  more  basic  they  are  ;  being  the  more  insoluble  in  ammonia,  and  at  the 
same  time  more  easily  washed.  Upon  ignition  the  water  alone  is  expelled, 
provided  the  heat  be  very  gradually  increased.  But  if  the  salt  is  suddenly 
exposed  to  a  strong  heat,  before  the  adhering  ammonia  has  escaped,  part 
of  the  arsenic  acid  is  thereby  reduced  to  arsenious  acid  (H.  Eose). 

e,  Arsenio-moli/bdate  of  ammonia, — If  a  fluid  containing  arsenic  acid 
is  mixed  with  a  large  proportion  of  molybdate  of  ammonia,  and  sutHcient 
nitric  or  hydrochloric  acid  to  redissolve  the  precipitate  of  molybdic  acid 
which  forms  at  first,  and  the  fluid  heated  to  boiling,  a  yellow  precipitate  of 
arsenio-molybdate  of  ammonia  separates  ^provided  the  molybdic  acid  be 
present  in  excess.  This  precipitate  comports  itself  with  solvents  like  the 
analogous  compound  of  phosphoric  acid  ;  it  is,  like  the  latter,  insoluble  in 
water,  salts,  and  free  acids,  particularly  nitric  acid,  provided  an  excess  of 
solution  of  molybdate  of  ammonia,  mixed  with  acid  in  moderate  excess, 
be  present.  Seligsohn  *  found  it  to  be  composed  of  87-666  per  cent,  of 
molybdic  acid,  6*308  arsenic  acid,  4-258  ammonia,  and  1*768  water. 

£. — ^FORMS  IN  WHICH  THE  ACIDS  ARE  WEIGHED  OR  PRECIPITATED. 

ACIDS  OP  THE  FIRST  GROUP, 

§93. 
1.  Arsenious  Acid  and  Arsenic  Acid. — See  §  92. 

2.  Chromic  Acid. 
Chromic  add  is  weighed  either  in  the  form  of  sesquioxide,  or  in  that 

of  CHROJCATE  OF  LEAD. 

*  Joom.  f.  prakt.  Chem.  67, 481. 
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a,  Seaquioxide  of  chromium. — See  §  76. 

6.  Ohromate  of  lead  obtained  by  pi'ecipitation  forms  a  bright  yellow 
precipitate,  insoluble  in  water  and  acetic  acid,  barely  soluble  in  diluti 
nitiic  acid,  readily  in  solution  of  potassa.  When  diromate  of  lead  ii 
boiled  with  concentrated  hydrochloric  acid,  it  is  readily  decomposed, 
chloride  of  lead  and  sesquichloride  of  chromium  being  formed.  Addition 
of  alcohol  tends  to  promote  this  decomposition.  Chromafce  of  lead  ii 
unaltei*able  in  the  air ;  it  dries  thoroughly  at  100°.  Under  the  influence 
of  heat  it  transitorily  acquires  a  reddish-brown  tint ;  it  fuses  at  a  red 
heat;  when  heated  beyond  its  point  of  fusion,  it  loses  oxygen,  and ii ' 
transformed  into  a  ndxture  of  sesquioxide  of  chromium  and  basic  chro- 
mate  of  lead.  Heated  in  contact  with  organic  substances,  it  readih; 
yields  oxygen  to  the  latter. 

Pb  O 111-50        68-94 

CrO, 50-24        31-06 


161-74       100-00 

3.  Sulphuric  Acid. 

Sulphuric  acid  is  determined  best  in  the  form  of  sulphate  of  babtta, 
for  the  properties  of  which  see  §  71. 

4.  Phosphoric  Acid. 

The  principal  forms  into  which  phosphoric  acid  is  converted  are  as  fol- 
lows:— phosphate  of  lead,  pyrophosphate  of  magnesia,  basic  phos- 
phate op  magnesia  (3  Mg  O,  P  Oj),  basic  phosphate  of  sesquioxide 
OF  iron,  phosphate  op  sesquioxide  of  uranium,  phosphate  of  binox- 
IDE  of  tin,  and  phosphate  of  silver.  Besides  these  compounds,  we 
have  to  examine  phosphate  of  suboxide  of  mercury,  and  phospho- 

MOLYBDATE  OF  AMMONIA. 

a.  The  phosphate  of  lead  obtained  in  the  course  of  analysis  is  rarely 
quite  pure,  but  is  generally  mixed  with  free  oxide  of  lead.  In  this  mix- 
ture we  have  accordingly  the  basic  phosphate  of  lead  (3  Pb  O,  P  O5) ;  m 
the  pure  state,  this  presents  the  appearance  of  a  white  powder ;  it  is  in- 
soluble in  water  and  in  acetic  acid,  and  equally  so  in  ammonia ;  it  di»- 
Bolves  rcudily  in  nitric  acid.  When  exposed  to  the  action  of  heat^  li 
fuses,  without  undergoing  decomposition. 

6.  Pyropho82yhate  of  viagneaia. — See  §  74. 

c.  JSasic  phosphate  of  magnesia  (3  Mg  O,  P  O5). — ^This  compound  ii 
produced  by  mixing  a  solution  of  an  alkaline  phosphate,  containing 
chloride  of  ammonium,  with  magnesia,  evaporating  the  mixture,  heating 
the  residue  until  the  chloride  of  ammonium  is  completely  expelled,  and 
finally  treating  with  water ;  the  compound  so  produced  contains  an  ex- 
cess of  magnesia.  It  is  sufficient  for  our  purpose  to  state  that  it  is  near- 
ly absolutely  insoluble  in  water  and  in  solutions  of  salts  of  the  ^llgftlM 

(F.  R.  SCHULZE  *). 

d,  JJasic  phospliate  of  sesquioxide  of  iron. 

If  a  solution  of  phosphoric  acid  or  of  phosphate  of  Hme  in  acetic  acid 
is  carefully  precij)itated  with  a  solution  of  acetate  of  sesquioxide  of  iron, 
or  with  a  mixtui'e  of  iron-alum  and  acetate  of  soda,  so  that  the  iron  salt 

*  Joum.  f.  prakt.  Chem.  63,  440. 
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may  just  predominate,  the  precipitate  always  contains  1  eq.  P  O^  to  1  eq 
Fe^  O3  (Kawsky,  WiTTSTEiN,  E.  Davy  *) ;  if,  on  the  other  hand,  the 
acetate  of  iron  is  in  larger  excess,  the  precipitate  contains  more  base. 
WiTTSTEiN  obtained,  by  using  considerable  excess  of  acetate  of  iron,  a 
precipitate  of  the  formula  4  Fe^  O3,  3  P  O^.  Precipitates,  obtained  with 
a  small  excess  of  the  precipitant,  possess  a  composition  vaiying  between 
the  above-mentioned  limits.  Rammelsberg  obtained  Fe,  O3,  P  O^  (4- 
4  aq.),  and  Wittstein  subsequently,  the  same  compound  (with  8  aq.  in- 
stead of  4),  upon  mixing  sulphate  of  sesquioxide  of  iron  with  phosphate 
of  soda  in  excess ;  with  an  insufficient  quantity  of  the  phosphate  of  soda, 
the  latter  chemist  obtained  a  more  yellowish  precipitate,  which  had 
the  formula 

3  (Fe^Oa,  P  0^+8  aq.)  +  (F&A,  3  H  O). 
If  an  acid  fluid  containing  a  considerable  excess  of  phosphoric  acid 
is  mixed  with  a  small  quantity  of  solution  of  sesquioxide  of  iron,  and 
an  alkaline  acetate  added,  a  precipitate  of  the  formula,  FosO,,  P  O, 
4- water,  is  invariably  obtained,  which,  accordingly,  leaves  upon  ignition 
Fcj  O3,  P  O5  (Wittstein).  Fresh  experiments  that  I  have  made  upon 
this  subject  have  positively  convinced  me  of  the  perfect  correctness  of 
this  statement  of  WiTTSTEiN's.f 

COMPOSITION. 

P  O5 71  47-02 

FeaO, 80  52-98 


151         100-00 

[The  discrepancies  among  the  statements  made  by  different  chemists 
as  to  the  composition  of  basic  phosphate  of  sesquioxide  of  iron  obtained 
in  the  modes  above  indicated  are  explained  by  the  observations  of  Mohr, 
that  the  precipitate  loses  phosphoric  acid  as  long  as  it  is  washed,  and  has 
consequently  no  definite  composition.] 

If  we  dissolve  phosphate  of  sesquioxide  of  iron  in  hydrochloric  acid, 
supersaturate  the  solution  with  ammonia,  and  apply  heat,  we  obtain  more 
basic  salts,  viz.,  3  Fa^  O3,  2  P  Og  (Rammelsberg)  ;  2  Fog  O3,  P  Oj  (Witt- 
stein— after  long  washing).  In  Wittstein's  experiment,  the  wash-water 
contained  phosphoric  acid.  The  white  phosphate  of  sesquioxide  of  iron 
does  not  dissolve  in  acetic  acid,  but  it  dissolves  in  a  solution  of  acetati 
of  sesquioxide  of  iron. 

Upon  boiling  the  latter  solution  (of  phosphate  of  sesquioxide  of  iroi 
in  acetate  of  sesquioxide  of  iron),  the  whole  of  the  phosphoric  acid  precipi 
tates,  together  with  the  basic  acetate  of  sesquioxide  of  iron,  as  hyperhasu 
phosphate  of  sesquioxide  of  iron  (15  Fe203,  PO5 — (Bammelsbero)  .  Simi- 
lar extremely  basic  combinations  are  invariably  obtained  (often  mixed 
with  free  hydrated  sesquioxide  of  iron),  upon  precipitating  with  ammo- 
nia or  carbonate  of  baryta  a  solution  containing  phosphoiic  acid  and  an 
excess  of  sesquioxide  of  iron.     The  precipitate  obtained  by  carbonate  of 


♦  Pha  Mag.,  xix,  p.  181.     Joum.  f.  prakt.  Chem.  80,  380. 

f  In  an  expeziment  made  at  a  former  period  by  Will  and  myself  (Annal.  dec 
Chera.  u-  Pharm.  50,  870),  we  obtained  in  this  way  a  precipitate  of  the  formula 
2  Fe^  O3,  3  P  06-f  8  HO  -+-  10  aq.  ;  but  I  have  never  since  succeeded  in  produ 
cing  a  precipitate  of  the  same  composition. 
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barHa,  can  be  conveniently  filtered  off  and  washed,  the  filtrate  is  perfi^dh 
free  from  either  iron  or  phosphoric  acid  ;  on  the  contrary,  the  precipitate 
obtained  by  ammonia,  especially  if  the  latter  were  much  in  excess,  is  slimj, 
and  therefore  difficult  to  wash,  and  the  filtrate  always  contains  small 
truces  of  both  iron  and  phosphoric  acid. 

e,  Phosphute  of  sesquioxUe  of  uranium, — If  the  hot  aqueous  solution 
of  a  phosphate  soluble  in  water  or  acetic  acid  is  mixed,  in  presence  of 
fnje  acetic  acid,  with  acetate  of  sesquioxide  of  uranium,  a  precipitate 
of  phosphate  of  sesquioxide  of  uranium  is  immediately  formed.  If  the 
fluid  coutiiins  much  ammoniacal  salt,  the  precipitate  contains  also  am- 
monia. The  same  precipitate  forms  also  if  alumina  or  sesquioxide  of 
iron  is  present ;  but  in  that  case  it  is  always  mixed  with  more  or  less 
phosphate  of  sesquioxide  of  iron  or  phosphate  of  alumina.  Presence  of 
potassa-  or  soda-salts,  on  the  contrary,  or  of  salts  of  the  alkaline  earths, 
has  no  influence  on  the  composition  of  the  precipitate. 

Phosphate  of  sesquioxide  of  urani\im  and  ammonia  (2  Ur,  O3,  N  H^  0, 
POj-f-ajHO)  is  a  somewhat  gelatinous,  whitish-yellow  precipitate, 
with  a  tinge  of  gi'een.  The  best  way  of  washing  it,  at  least  so  far  as  the 
principal  part  of  the  operation  is  concerned,  is  by  boiling  with  water 
and  decanting.  If,  after  having  allowed  the  fluid  in  which  the  preci- 
pitate is  suspended  to  cool  a  little,  a  few  drops  of  chloroform  are  added, 
and  the  mixture  is  shaken  or  boiled  up,  the  precipitate  subsides  much 
more  roadilv  than  without  this  addition. 

Tlie  precipitate  is  insoluble  in  water  and  in  acetic  acid;  but  it  dissolves 
in  mineral  acids ;  acetate  of  ammonia,  added  in  sufficient  excess,  com- 
pletoly  ro-precipitates  it  from  this  solution,  upon  application  of  heat 
U[)on  igniting  the  precipitate,  no  matter  whether  containing  ammonia 
or  not,  phosphate  of  sesquioxide  of  uranium  of  the  formula  2  Ur.  0^ 
P  O-,  is  [)roduced.  This  has  the  color  of  the  yolk  of  an  egg.  If  the 
precipitate  is  ignited  in  presence  of  charcoal  or  of  some  reducing  gas, 
partial  reduction  to  phosphate  of  protoxide  of  uranium  ensues,  owing  to 
which  the  ignited  mass  acquires  a  greenish  tint ;  however,  upon  warm- 
ing the  greenish  residue  with  some  nitric  acid,  the  green  salt  of  the 
protoxide  is  readily  reconverted  into  the  yellow  salt  of  the  sesquioxide. 
Phosphate  of  sesquioxide  of  uranium  is  not  hygroscopic,  and  may  there- 
fore be  ignited  and  weighed  in  an  open  platinum  dish  (A.  Arendt  and 
W.  Knop  *). 

2  UrA 285-6  80-09 

PO, 710  19-91 


356-6  100-00 

The  one-fifth  part  of  the  precipitate  may  accordingly  be  calculated  as 
phosphoric  acid  in  ordinary  analyses.f 

f  Pimfiphate  of  blnoxi/le  of  tin  is  never  obtained  in  the  pure  state  in 
the  analytical  process,  but  contains  always  an  admixture  of  hydrated 


•  Chemiscbcs  Centralblatt,  ia")G,  769,  803;  and  1857,  177. 

f  The  equivalent  of  uranium  is  here  takon  as  59*4,  according  to  Ebelmen.  If 
wc  take  it  nocordinp:  to  Pi-li^ot,  as  (50.  the  ig-nitcd  phosphate  would  contain 
80  22  Ur.  O,.  and  lOTH  phosphoric  acid.  W  Knop  and  Arendt  found  in  four 
expi^riineuw  20i;3,  20  06,  20  04,  and  20  01  respectively  (in  another  20  77).  It 
will  be  s'M>u  that  these  numbers  ajjrce  better  with  the  compositiou  aa  reckonad 
from  Kbelmen's  than  from  Peliffot's  equivalent. 
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metastannic  acid  in  excess,  which,  upoD  ignition,  changes  to  metastannic 
acid.  ].t  has,  generally  speaking,  the  same  properties  as  hydrated  meta- 
stannic acid,  and  is  more  particularly,  like  the  latter,  insoluble  in  nitric 
acid.  Upon  heating  with  concentrated  solution  of  potassa,  phosphate 
and  metastannate  'of  potassa  are  formed. 

g,  Tribasic  phosphate  of  silver  is  a  yellow  powder  ;  it  is  insoluble  in 
water,  but  readily  soluble  in  nitric  acid,  and  also  in  ammonia.  In  ara- 
moniacal  salts,  it  is  difficultly  soluble.  It  is  unalterable  in  the  air. 
Upon  ignition,  it  acquires  transiently  a  reddish-brown  color ;  at  an  in- 
tense red  heat,  it  fuses  without  decomposition. 

3AgO 347-91  83-05 

PO5 ;...       71-00  16-95 


418-91  100-00 

A.  JPhosphate  of  suboxide  of  mercury, — This  compound  is  employed 
for  the  purpose  of  effecting  the  separation  of  phosphoric  acid  from  many 
bases,  after  H.  Rose's  method. 

Phosphate  of  suboxide  of  mercury  presents  the  appearance  of  a  white 
crystalline  mass,  or  of  a  white  powder.  It  is  insoluble  in  water,  but 
dissolves  in  nitric  acid.  The  action  of  a  red  heat  converts  it  into  fused 
phosphate  of  oxide  of  mercury,  with  evolution  of  vapor  of  mercury. 
Upon  fusion  with  alkaline  carbonates,  alkaline  phosphates  are  produced, 
and  mercury,  oxygen,  and  carbonic  acid  escape. 

t.  J^hospho-fnoli/bdate  of  ammonia. — This  compound  also  serves  to 
effect  the  separation  of  phosphoric  acid  from  other  bodies  ;  it  is  of  the 
utmost  importance  in  this  respect. 

Phospho-molybdate  of  ammonia  forms  a  bright  yellow,  readily  subsi- 
ding precipitate.  Dried  at  100°,  it  has,  according  to  Seliosohn,  the  fol- 
lowing (average)  composition : — 

Molybdic  wjid 90-744 

Phosphoric  acid 3-142 

Oxide  of  ammonium 3*570 

Water 2-544 


100-000  * 


In  the  pure  state,  it  dissolves  but  sparingly  in  cold  water  (1  in  10000-  - 
EoGERTz)  ;  but  it  is  soluble  in  hot  water.  It  is  readily  soluble,  even  in 
fche  cold,  in  caustic  alkalies,  alkaline  carbonates  and  phosphates,  chloride 
of  ammonium,  and  oxalate  of  ammonia.  It  dissolves  only  sparingly  in 
sulphate  of  ammonia,  nitrate  of  potassa,  and  chloride  of  potassium  ;  and 
very  sparingly  in  nitrate  of  ammonia. 

It  is  soluble  in  sulphate  of  potassa  and  sulphate  of  soda,  chloride  of 

•  From  the  varying  results  of  different  analysts  it  is  plain  that  the  precipitate, 
prepared  under  apparently  the  same  circumstances,  has  not  always  exactly  the 
same  composition.  Sonnenschein  (Jonrn.  f.  prakt.  Chem.  58,  342)  found  in  the 
precipitate  dried  at  1 20%  2-9»— 3  12if  POb  ;  Lipowitz  (Pogg.  Annal.  109,  LSi)),  in  the 
pre-ripitatc  dried  at  from  20  to  30%  3*607  H  P  Os ;  Eggertz  (Joum.  f  prakt.  Chem. 
70,  41)*»),  3*7  to  3  8.  [Dietrich  (Fres.  Zeitschrift  f  iir  analyt.  Chem.  1800,  45)  says 
th.at  this  precipitate  contains  small  and  variable  qaantities  of  admixed  molyhdio 
%cid.  He  finds,  however,  that  the  relation  between  P  0»  and  N  Ha  is  constantly 
that  of  Soligsohn'g  formula  (23  N  H,  O  P  Of.)  +  15  (H  0, 4  Mo  O,).  Dietrich  eiiU- 
mateii  P  O ,  by  bringing  the  ppt  into  the  azotometer. 
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Bodium  ami  chloride  of  magnesium,  and  sulphuric,  hydrochloric,  and 
nitric  acids  (both  concentrated  and  dilute).  Water,  containing  1  per  cenL 
of  common  nitric  acid,  dissolveH  ^r^^TT  (^^gertz).  Application  of  hett 
does  not  check  the  solvent  action  of  these  substances.  Presence  of  mo* 
lybdate  of  ammonia  totally  changes  its  deportment  with  acid  fluids  :  in 
presence  of  that  substance,  it  is  almost  insoluble  in  acids,  even  upon 
ebuUition.  The  solution  of  the  phospho-moljbdate  of  ammonia  in  addi 
is  probably  attended,  in  all  cases,  with  decomposition  and  with  separa- 
tion of  the  molybdic  acid,  which  cannot  take  place  in  the  presence  of 
molybdate  of  ammonia  (J.  Craw  *).  Tartaric  acid  and  similar  organic 
substances  entirely  prevent  the  precipitation  of  the  phospho-mo]ybdate 
of  ammonia  (EGGERTz).f  In  the  presence  of  an  iodide,  instead  of  a  yel- 
low precipitate,  a  green  precipitate  or  a  green  fluid  is  formed,  resulting 
from  the  reducing  action  of  the  hydriodic  acid  on  the  molybdic  acid  (J. 
W.  Bill  t).  Other  substances  which  reduce  molybdic  acid  have  of 
course  a  smiilar  action. 

5.  BoRAcic  Acid. 

BoROFLuoRiDK  OP  PoTASSiUM  is  the  best  form  to  convert  boracic  add 
into  for  the  purpose  of  the  direct  estimation  of  the  acid«  This  com- 
pound is  produced  by  mixing  the  solution  of  an  alkaline  borate  (the  po- 
tassa  salt  answers  best)  with  hydrofluoric  acid  in  excess,  in  a  silver  or 
platinum  dish,  and  evaporating  to  dryness.  The  gelatinous  precipitate 
which  forms  in  the  cold,  dissolves  upon  application  of  heat^  and  sepa- 
rates from  the  solution  subsequently,  upon  evaporation,  in  small,  hard, 
transparent  crystals.  The  compound  has  the  formula  K  Fl,  B  1%.  It 
is  soluble  in  water  and  also  in  dilute  spirit  of  wine ;  but  strong  al- 
cohol fails  to  dissolve  it ;  it  is  insoluble  also  in  concentrated  solution 
of  acetate  of  potassa.  It  may  be  dried  at  100°,  without  suffering  de- 
composition (A.UG.  Stromeyer§). 

K    39-11  31-01 

B    11-00  8-72 

Fl    76-00  60-27 
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6.  Oxalic  Acid. 

When  oxalic  acid  is  to  be  directly  determined  it  is  usually  predpi- 
taied  in  the  form  of  oxalate  of  lime  ;  and  its  weight  is  inferred  from 
the  CARBONATE  OP  LIME  produced  from  the  oxalate  by  ignition.  For 
the  properties,  <fec.,  of  carbonate  of  lime  and  of  oxalate  of  lime,  see 
§73. 

7.  IIydrofluoric  Acid. 

Tlie  direct  estimation  of  hydrofluoric  acid  is  usually  effected  by 
weii^hing  the  acid  in  the  form  of  fluoride  of  calcium. 


•Cbem.  Gaz.  1802,216. 

f  [Lipowitz  (Jahresbericht,  1860,  618)  recommends  a  molybdic  solution 
taininpf  tartiric  acifl  for  the  precipitation  of  P  On. 
X  Sillim.  Joum.,  July,  1858.  g  Annal.  d.  Chem.  u.  Pharm.  100,  89l 
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Fluoride  of  calcium  forms  a  golatinous  precipitate,  which  it  is  found 
difficult  *o  wash.  If  digested  with  ammonia,  previous  to  filtration, 
it  is  i-endered  denser  «nd  less  gelatinous.  It  is  not  altogether  insolu- 
ble in  water ;  aqueous  solutions  of  the  alkalies  fail  to  decompose  it. 
It  is  very  slightly  soluble  in  dilute,  but  more  readily  in  concentrated 
hydi'ochloric  acid.  When  acted  upon  by  sulphuric  acid,  it  is  decom- 
posed, and  sulphate  of  lime  and  hydrofluoric  acid  are  formed.  Fluoride 
of  calcium  is  unalterable  in  the  air,  and  at  a  red  heat.  £xposed  to  a 
very  intense  heat,  it  fuses.  Upon  intense  ignition  in  moist  air,  it  is 
slowly  and  partially  decomposed  into  lime  and  hydrofluoric  acid. 
Mixed  with  chloride  of  ammonium,  and  exposed  to  a  red  heat,  fluoiide 
of  calcium  suflers  a  continual  loss  of  weight ;  but  the  decomposition  is 
incomplete. 

Ca 20  61-28 

Fl 19  48-72 
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8.  Cabbokic  Acid. 

The  direct  estimation  of  carbonic  acid — which,  however,  is  only 
rarely  resorted  to — is  usually  eflected  by  weighing  the  acid  in  ^e 
form  of  CARBONATE  OF  LIME.  For  the  properties  of  the  latter  sub- 
stance, see  §  73. 

9.  Silicic  Acid  (or  Silica). 

By  whatever  decomposition  silicic  acid  is  separated  in  the  wet  way,  it 
is  always  hydrated.  The  hydrate  is  generally  gelatinous,  oosasionally  pul- 
veioilent.  The  amount  of  water  it  contains  varies  according  to  the  cir- 
cumstances under  which  it  was  formed  ;  at  least  this  is  the  only  explana- 
tion I  can  give  of  the  great  differences  in  the  results  obtained  by  va- 
rious chemists  who  have  analyzed  hydrates  of  silicic  acid  dried  in  tho 
same  way.* 

The  gelatinous  hydrate  of  silicic  acid  is  never  entirely  insoluble  in 
water  and  acids.  While  however  the  degree  of  solubility  is  relatively 
high,  if  the  hydrate  immediately  on  separation  comes  in  contact  with 
large  quantities  of  fluid,  it  is,  on  the  contrary,  low,  when,  after  having 
b^en  separated  and  washed,  it  is  treated  with  solvents ;  thus  1  part  of 
silicic  acid  in  the  hydrated  condition,  obtained  by  passing  fluosilicic  gai 
into  water  and  washing  the  precipitate  completely,  requires  7700 
parts  of  water,  11000  parts  of  cold,  and  5500  parts  of  boiling  hydro- 
chloric acid  of  1*115  sp.  gr.  (J.  Fuchs,  loc,  cit,)  Hydrate  of  silicic 
acid  dried  at  100°  forms  a  loose,  white  powder ;  it  is  insoluble  in  water 
and  in  acids  (hydrofluoric  excepted),  but  it  dissolves  in  solutions  of  the 
fixed  alkalies  and  their  carbonates,  especially  in  the  heat.     The  silicic 

*  Doveri  (Aimal.  de  Chim.  et  de  Phys.  21,  40 ;  AsnaL  d.  Ghem.  n.  Pharm.  64, 
256)  found  in  the  air-dried  hydrate  16  0  to  17*8  H  water  -J.  Fuchs  (Annal.  d. 
Chem.  u.  Pharm.  82,  119  to  123),  91  to  9*6 ;  G.  Lippert  (Expt  No.  61),  9  28  to 
9*95.  Doveri  found  m  the  hydrate  dried  at  100%  83  to  94 ;  J.  Fuchs,  663  to 
61)0  ;  G  Lippert,  497  to5  52  ;  H.  Rose  (Pogg  AnnaL  108,  1 ;  Joum.  fur  prakt 
Chem.  81.  22^7)  found  in  the  hydrate  obtained  by  digesting  stilbite  wiUi  concen- 
trated hydrochlorio  add,  and  dried  at  150  \  4*85  %  water. 

10 
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acid  is  obtained  in  the  same  form,  when  its  solution  in  water  or  in  hy* 
drochloric  acid  is  evaporated  and  the  residue  dried  at  100°. 

On  ignition  all  the  hydrates  pass  into  the  anhydrous  acid.  As  the 
vapoi  escapes  small  particles  of  the  extremely  fine  powder  are  liable  to 
whirl  up.  Tliis  may  be  avoided  by  moistening  the  hydrate  in  the  cni- 
cible  with  water,  evaporating  to  dryness  on  a  water  bath,  and  then 
applying  at  first  a  slight  and  then  a  gradually  increased  heat. 

The  silicic  acid  obtained  by  igniting  the  hydi-ate  appears  in  the  amor- 
phous condition,  with  a  sp.  gr.  of  2*2  to  2*3.  It  forms  a  white  powder 
insoluble  in  water  and  acids  (hydrofluoric  excepted),  soluble  in  solu- 
tions of  the  fixed  alkalies  and  their  carbonates,  especially  in  the  heat 
Hydrofluoric  acid  readily  dissolves  amorphous  silicic  acid  ;  the  solution 
loaves  no  residue  on  evaporation  in  platinum,  if  the  silica  was  pure. 
The  amorphous  silica,  when  heated  with  fluoride  of  ammonium  in  a 
platinum  crucible,  readily  volatilizes.  The  ignited  amorphous  silica, 
exposed  to  the  air,  eagerly  absorbs  water,  which  it  will  not  give  up  at 
from  100  to  150°.  (H.  KosE.)  Silica  fuses  at  the  strongest  heat.  The 
mass  obtained  is  vitreous  and  amorphous. 

Amorphous  silica  ignited  with  chloride  of  ammonium,  at  first  loses 
weight,  and  then,  when  the  ignition  has  rendered  it  denser,  the  wei^t 
remains  constant. 

The  amorphous  silica  must  be  distinguished  from  the  crystallized  or 
crystalline  variety,  which  occurs  as  rock  crystal,  quartz,  sand,  Ac.  Thil 
has  a  sp.  gr.  of  2*6  (ScnAFPGOTScu),  and  is  far  more  difficultly,  and  in 
far  less  amount,  dissolved  by  potash  solution  or  solution  of  fixed  alksline 
carbonates ;  it  is  also  more  slowly  attacked  by  hydrofluoric  acid  or  fluo- 
ride of  ammonium. 

Vegetable  colors  are  not  changed  either  by  silicic  acid  or  its  hydittto^ 

Si 14-00  46-67 

Og 16-00  53-33 
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ACIDS   OP   THE   SECOND   GROUP. 

§  94. 

1.  Hydrochloric  Acid. 

Hydrochloric  acid  is  almost  invariably  weighed  in  the  form  of  chlo- 
ride OF  SILVER — for  the  properties  of  which,  see  §  82. 

2.  Hydrobromic  Acid. 

Hydrobromic  acid  is  always  weighed  in  the  form  of  BROMIDE  OF  Sllr 

VTSR. 

J^romide  of  silver^  prepared  in  the  humid  way,  forms  a  yellowiflh- 
white  precipitate.  It  is  wholly  insoluble  in  water  and  in  nitric  acid, 
tolerably  soluble  in  ammonia,  readily  soluble  in  hyposulphite  of  sodt 
and  in  cyanide  of  potassium.  Concentrated  solutions  of  the  chlorides 
and  bromides  of  potassium,  sodium,  and  ammonium  dissolve  it  to  a  very 
perceptible  amount,  while  in  very  dilute  solutions  of  these  salts  it  is 
entirely  insoluble.  Traces  only  dissolve  in  nitrates  of  the  alkalies.  On 
digestion  with  excess  of  iodide  of  potassium  solution  it  is  completely 
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converted  into  iodide  of  silver  (Field).  On  ignition  in  a  current  of 
chloiine  the  bromide  of  silver  is  transformed  into  the  chloride ;  on  igni- 
tion in  a  current  of  hydrogen  it  is  convei-ted  into  metallic  silver.  Ex- 
posed to  the  light  it  gradually  turns  gray,  and  finally  black.  Under  the 
influence  of  heat,  it  fuses  to  a  reddish  liquid,  which,  upon  cooling,  solidi- 
fies to  a  yellow  horn-like  mass.  Brought  into  contact  with  zinc  and 
water,  bromide  of  silver  m  decomposed :  a  spongy  mass  of  metallic  sil- 
ver forms,  and  the  solution  contains  bromide  of  zinc. 

Ag 107-97  57-44 

Br 80-00  42-56 
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3.  Hydriodic  Acid. 

Hydriodic  acid  is  usually  determined  in  the  form  of  iodide  of  sil- 
ver, and  occasionally  also  in  that  of  protiodide  .>f  PAL^iADiUH. 

a.  Iodide  of  silver,  produced  in  the  humid  way,  forms  a  light-yellow 
precipitate,  insoluble  in  water  and  in  dilute  nitric  acid,  and  very  slightly 
soluble  in  ammonia.  One  pai-t  dissolves,  according  to  Wallace  and 
Lamont,*  in  2493  parts  of  aqueous  ammonia  sp.  gr.  0*89,  according  to 
Martini,  in  2510  parts,  of  0*96  sp.  gr.  It  is  copiously  taken  up  by 
concentrated  solution  of  iodide  of  potassium,  but  it  is  insoluble  in  very 
dilute ;  it  dissolves  readily  in  hyposulphite  of  soda  and  in  cyanide  of 
potassium ;  traces  only  are  dissolved  by  alkaline  nitrates.  Hot  concen- 
trated nitric  and  sulphuiic  acids  convert  it,  but  with  some  difficulty,  into 
nitrate  and  sulphate  of  silver  respectively,  with  expulsion  of  the  iodine. 
Iodide  of  silver  acquires  a  black  color  when  exposed  to  the  light.  When 
heated,  it  fuses  without  decomposition  to  a  reddish  fluid,  which,  upon 
cooling,  solidifies  to  a  yellow  mass,  that  may  be  cut  with  a  knife.  Un- 
der the  influence  of  excess  of  chlorine  in  the  heat  it  is  completely  con- 
verted into  chloride  of  silver ;  ignition  in  hydrogen  reduces  it  to  the 
metallic  state.  When  brought  into  contact  with  zinc  and  water,  it  is 
decomposed :  iodide  of  zinc  is  formed,  and  metallic  silver  separates. 

Ag 107-97  45-95 

1 127-00  54-05 
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h.  Protiodide  of  palladium^  produced  by  mixing  an  alkaline  iodide 
with  protochloride  of  palladium,  is  a  deep  brownish-black,  flocculent 
precipitate,  insoluble  in  water  and  in  dilute  hydrochloric  acid,  but 
slightly  soluble  in  saline  solutions  (chloride  of  sodium,  chloride  of  mag- 
nesium, chloride  of  calcium,  &c.).  It  is  unalterable  in  the  air.  Dried 
simply  in  the  air,  it  retains  one  equivalent  of  water  =  5-05  per  cent. 
Dried  long  irh  vacuo^  or  at  a  rather  high  temperature  (70°  to  80°),  it 
yields  the  whole  of  this  water,  without  the  least  loss  of  iodine.  Dried 
at  100®,  it  loses  a  trace  of  iodine ;  at  from  300  to  400°,  the  whole  of 
the  iodine  is  expelled.  The  precipitated  iodide  of  palladium  may  be 
rashed  with  hot  water,  without  loss  of  iodine. 

*  Ghem.  Gaz.  1859, 137. 
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4.  Htdroctanic  Acid. 

Hydrocjaiiio  acid,  if  determined  gravimetrically  and  directly,  is 
always  converted  into  cyanide  op  silver — for  the  properties  of  whidi 
compound  see  §  82. 

5.  Hydrosulphuric  Acid  (or  Sulphuretted  Hydrogen). 

The  forms  into  which  sulphuretted  hydrogen,  or  the  sulphur  in  me- 
tallic sulphides,  is  converted  for  the  purpose  of  being  weighed,  are 
tersulphide  of  arsenic,  sulphide  of  silver,  sulphide  of  copper,,  and 

SULPHATE  OF  BARYTA. 

For  the  properties  of  the  sulphides  named,  see  §§  82,  85,  92 ;  for 
those  of  sulphate  of  baryta,  see  §  71. 

ACIDS   OF  THE  THIRD  GROUP. 

§96. 

1.  Nitric  Acid  ;  and  2.  Chloric  Acm. 

These  two  acids  are  never  estimated  in  a  direct  way — ^that  ia  to  saji 
in  compounds  containing  them,  but  always  in  an  wdired  way ;  genendlj 
volumetrically. 


SECTION   IV. 

THE  DETERMINATION  (OE  ESTIMATION)  OP  BODIES. 

§96. 

In  the  preceding  Section  we  have  examined  the  composition  and  proper* 
ties  of  the  various  forms  and  combinations  in  which  bodies  are  separated 
from  others,  or  in  which  they  are  weighed.  We  have  now  to  consider 
the  special  means  and  methods  of  converting  the  several  bodies  into 
Buch  forms  and  .'x>mbinations. 

For  the  sake  of  greater  clearness  and  simplicity,  we  shall,  in  the  pres- 
ent Section,  confine  our  attention  to  the  various  methods  applied  to  effect 
the  estimation  of  single  bodies,  deferring  to  the  next  Section  the  consid- 
eration of  the  means  adopted  for  the  estimation  of  mixed  bodies,  or  the 
separation  of  bodies  Jrom  one  another. 

We  have  to  deal  here  exclusively  with  bodies  in  the  free  state,  or 
with  compounds  consisting  of  one  base  and  one  acidy  or  of  one  metal  and 
one  metalloid. 

As  in  the  "  Qualitative  Analysis,"  the  acids  of  arsenic  will  be  treated 
of  among  the  bases,  on  account  of  their  behavior  to  sulphuretted  hydro- 
gen, and  those  elements  which  form  acids  with  hydrogen  will  be  con- 
sidered in  conjunction  with  their  respective  hydrogen  acids. 

In  the  quantitative  analysis  of  a  body  we  have  to  study  first,  the  most 
appropriate  method  of  dissolving  it ;  and,  secondly,  the  modes  of  deter- 
mining it. 

With  regard  to  the  latter  point,  we  have  to  turn  our  attention,  first, 
to  the  performance  /  and  secondly,  to  the  accuracy/  of  the  methods. 

It  happens  very  rarely  in  quantitative  analyses  that  the  amount  of  a 
substance,  as  determined  by  the  analytical  process,  corresponds  exactly 
with  the  amount  theoretically  calculated  or  actually  present ;  and  if  it 
does  happen,  it  is  merely  by  chance. 

It  is  of  importance  to  inquire  what  is  the  reason  of  this  fact,  and  what 
are  the  limits  of  inaccuracy  in  the  several  methods. 

The  cause  of  this  almost  invariably  occurring  discrepancy  between 
the  quantity  present  and  that  actually  found,  is  to  be  ascribed  either 
exclusively  to  the  execution,  or  it  lies  partly  in  the  method  itself. 

The  execution  of  the  analytical  processes  and  operations  can  never  be 
absolutely  accurate,  even  though  the  greatest  care  and  attention  be 
bestowed  on.  the  most  trifling  minutiec.  To  account  for  this,  we  need 
only  bear  in  mind  that  our  weights  and  measures  are  never  absolutely 
correct,  nor  our  balances  absolutely  accurate,  nor  our  reagents  absolutely 
pure ;  and,  moreover,  that  we  do  not  weigh  in  va>cuo  /  and  that,  even 
if  we  deduce  the  weight  in  vacuo  from  the  weight  we  actually  obtain  by 
weighing  in  the  air,  the  very  volumes  on  which  the  ccdculation  is  based 
arc  but  approximately  known  ; — that  the  hygroscopic  state  of  tht*  air  i4 
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liaMo  to  vary  between  the  weighing  of  the  empty  crucible  and  of  the 
ci'iicible  -\-  the  substance ; — that  we  know  the  weight  of  a  filter  a^^b 
only  approxbimtdy  / — that  we  can  never  succeed  in  completely  keeping 
oft'  dust,  (fee. 

With  regard  to  the  methods,  many  of  them  are  not  entirely  free  from 
certain  unavoidable  sources  of  error  y — precipitates  are  not  ahsoliUdy  in- 
soluble ;  compounds  which  require  ignition  are  not  absolutely  fixed; 
othei*s,  which  require  drying,  have  a  slight  tendency  to  volatilize ;  the 
final  nraction  in  vohmietric  analyses  is  usually  produced  only  by  a  small 
excess  of  the  standurd  fluid,  which  is  occasionally  liable  to  vary  with  the 
degree  of  dilution,  the  temperature,  <fec. 

Strictly  speaking,  no  method  can  be  pronounced  quite  free  from  defect ; 
it  should  be  borne  in  mind,  for  example,  that  even  sulphate  of  baryta  is 
not  absolutely  insoluble  in  water.  Whenever  we  describe  any  method  as 
free  from  sources  of  error,  we  mean,  that  no  causes  of  considerable  in- 
accuracy are  inherent  in  it. 

We  have,  therefore,  in  our  analytical  processes,  invariably  to  contend 
against  cei-tain  sources  of  inaccuracy  which  it  is  impossible  to  overcome 
entirely,  even  thougli  our  operations  be  conducted  with  the  most  scru- 
pulous care  and  with  the  utmost  attention  to  established  rules.  It  will 
be  readily  undei*stood  that  several  defects  and  sources  of  error  may,  in 
some  cases,  combine  to  vitiate  the  results ;  whereas,  in  other  cases,  they 
may  compensate  one  another,  and  thus  enable  us  to  attain  a  higher  degree 
of  accuracy.  The  comparative  accuracy  of  the  results  attainable  by  an 
analytical  method  oscillates  between  two  points — ^these  points  are  called 
the  limits  of  error.  In  the  case  of  methods  free  from  sources  of  error, 
these  limits  will  closely  approach  each  other ;  thus,  for  instance,  in  the 
estimations  of  chlorine,  with  great  care  one  will  always  be  able  to  obtain 
between  99*9  and  100- 1  for  the  100  pai-ts  of  chlorine  actually  present. 

Less  perfect  methods  will,  of  course,  exhibit  far  greater  discrejian- 
cies ;  thus,  in  the  estimation  of  strontia  by  means  of  sulphuric  acid,  the 
most  attentive  and  skilful  opei-ator  may  not  be  able  to  obtain  more  than 
99*0  (and  even  less)  for  the  100  pai*ts  of  strontia  actually  present.  I 
may  here  incidentally  state  that  the  numbers  occasionally  given  in  this 
manner,  in  the  course  of  the  present  work,  to  denote  the  degree  of  accu- 
racy of  certain  methods,  refer  invariably  to  the  substance  estimated 
(chlorine,  nitrogen,  baryta,  for  instfince),  and  not  to  the  combination  in 
which  that  substance  may  be  weighod  (chloride  of  silver,  bichloride  of 
platinum  and  chloride  of  ammonium,  sulphate  of  baryta,  for  instance) ; 
otherwise  the  accuracy  of  various  methods  would  not  be  comparable. 

Tlie  occjisional  attainment  of  results  exactly  corresponding  with  the 
numbers  calculat<,»d  does  not  always  justify  the  assumption,  on  the  part 
of  the  student,  that  his  opei*ations,  to  have  led  to  such  a  result,  must 
have  been  conducted  with  the  utmost  precision  and  accuracy.  It  may 
sometimes  hapj)on,  in  the  course  of  the  analytical  process,  that  one  error 
serves  to  comjjensato  another  ;  thus,  for  instance,  the  analyst  may,  at  the 
commencement  of  his  operations,  spill  a  minute  portion  of  the  substance 
to  be  analyzed ;  whilst,  at  a  later  stage  of  the  process,  he  may  recover 
the  loss  by  an  imperfect  washing  of  the  precipitate.  As  a  general  rule, 
results  showing  a  trifling  deficiency  of  substance  may  be  looked  upon  as 
better  proof  of  accurate  pei-formance  of  the  analytical  process  than 
results  exhibiting  an  excess  of  substance. 

As  not  the  least  effective  means  of  guarding  against  error  and  inaoca 
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nicies  in  gravimetrie  ancUj/ses,  I  would  most  strongly  recommend  the 
ai  ^lyst,  after  weighing  a  precipitate^  d'c.y  to  compare  its  properties  (coU/i 
sclubility^  reaction^  d'c,)  with  those  which  it  shotUd  possess^  and  which 
have  been  amply  described  in  the  preceding  Section. 

In  my  own  laboratory,  I  insist  upon  all  substances  that  are  weighed 
in  the  course  of  an  analysis  being  kept  between  watch-glasses,  until  the 
whole  affair  is  concluded.  This  affords  always  a  chance  of  testing  them 
once  more  for  some  impurity,  the  presence  of  which  may  become  suspected 
in  the  after-course  of  the  process. 


T    ESTIMATION  OF  BASES  IN  COMPOUNDS  CONTAININQ  ONLY 

ONE  BASE   AND  ONE  ACID,   OR  ONE  METAL 

AND  ONE  METALLOID. 

FIBST   GROUP. 
P0TAS8A — SODA — ^AMMONIA — (lITHIA). 

.        §  97. 

1.   POTASSA. 

a.  SoltUton, 

Potassa  and  its  salts,  with  those  inorganic  acids  which  we  have  to  con- 
sider here,  are  dissolved  in  water,  in  which  menstruum  they  dissolve 
readily,  or  at  all  events,  pretty  readily. 

Potassa  salts  with  organic  acids  it  is  most  convenient  to  convert  into 
8u]phate  of  potassa.     See  p.  152. 

b,  Estimation, 

Potassa  is  weighed  either  as  sulphate  of  potassa^  as  chloride  of  potas' 
eiumy  or  as  bichloride  of  platinwm  and  chloride  of  potassiwm  (see  §  68). 
For  the  alkalimetric  estimation  of  caustic  or  carbonated  potassa^  see 
§§  207  and  208. 

We  may  convert  into 

1.  Sulphate  of  Potassa. 

Salts  of  potassa  with  strong  volatile  acids ;  e,g,j  chloiide  of  potaa- 
eium,  bromide  of  potassium,  nitrate  of  potassa,  &c.,  and  salts  with  or- 
ganic acids. 

2.  Chloride  of  Potassium. 

In  general,  caustic  potassa  and  salts  of  potassa  with  weak  volatile 
acids;  also,  and  moi-e  particularly,  sulphate,  chromate,  chlorate,  and  sili- 
cate of  potassa. 

3.  Bichloride  of  Platinum  and  Chloride  of  Potassium. 

Salts  of  potassa  with  non-volatile  acids  soluble  in  alcohol ;  e,g.y  phos- 
phate of  potassa,  borate  of  potassa. 

The  potassa  in  the  borate  of  that  alkali  may  be  determined  also  as 
sulphate  (§  136)  ;  and  the  potassa  in  the  phosphate,  as  chloride  of  potas- 
^um  (§  135). 
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The  form  of  bichloride  of  platinum  and  chloride  of  potassiam  mav  aim 
bt3  r(',sorted  to  in  general,  for  the  estimation  of  the  potaasa  in  all  silti 
of  that  alkali  with  acids  soluble  in  alcohol.  This  form  is,  moreover,  of 
especial  importance,  as  that  in  which  the  separation  of  potassa  from 
soda,  «fec.,  is  etfected. 

1.  Determination  (is  /Sulphute  of  Potassa. 

Eva|K>rate  the  aquc^ous  solution  of  the  sulphate  of  potassa  to  dryneaSi 
ignite  the  residue  in  a  platinum  crucible  or  dish,  and  weigh  (8  42).  The 
residue  must  be  thorouglily  dried  before  you  proceed  to  ignite  it ;  the 
hf>at  applit^d  for  the  latter  purj)ose  must  be  moderate  at  first,  and  very 
gratlually  increased  to  the  requisite  degree ;  the  crucible  or  dish  must 
be  kept  well  covered — neglect  of  these  precautionary  rules  involves 
always  a  loss  of  substance  from  decrepitation.  If  free  sulphuric  add  is 
present,  we  obtjiin,  upon  evaporation,  bisulphate  of  potassa;  in  such 
Ciisijs  the  excess  of  sulphuric  acid  is  to  be  removed  by  igniting  first  alone 
(here  it  is  best  to  place  the  lamp  so  that  the  flame  may  strike  the 
dish-cover  obliquely  from  above),  then  with  carbonate  of  anmionia. 
See  §  08. 

For  properties  of  the  residue,  see  §  68.  Observe  more  particularly 
that  the  residue  must  dissolve  to  a  clear  fluid,  and  that  the  solution 
must  be  neutral.  Should  traces  of  platinum  remain  behind  (the  dish 
not  having  bc*en  i)rovi()usly  weiGchod)  these  must  be  carefully  det«> 
mined,  and  their  weight  subtracted  from  that  of  the  ignited  residue. 

With  proper  care  and  att<*ntion,  tliis  method  gives  accurate  results. 

To  convert  the  abovo-ininitiontnl  salts  (chloride  of  potassium,  <fec.) 
into  sulphate  of  potassa,  add  to  their  aqueous  solution  a  quantity  of  pure 
sulphuric  acid  more  than  suHioic^nt  to  saturate  the  whole  of  tlie  j^otassa, 
evjiporate  the  solution  to  <lryu(^ss,  itjiiite  the  residue,  and  convert  the 
bisul[)hate  of  pot:issa  into  the  neutral  salt,  by  treating  with  carbonate 
of  lunmonia  (§  G8). 

As  the  ex[)ulsion  of  a  large  quantity  of  sulphuric  acid  is  a  very  dia- 
ar^r<3eable  process,  avoid  adding  too  great  an  excess.  Should  too  little 
of  the  acid  have  been  used,  which  you  may  infer  from  the  non-evolution 
of  sulphuric  acid  fumes  on  ignition,  moisten  the  residue  with  dilute 
sulphuric  acid,  evaporate,  and  again  ignite.  If  you  have  to  deal  with 
a  small  quantity  only  of  chloride  of  potassium,  <fec.,  proceed  at  once  to 
treat  th;»  dry  suit,  cautiously,  with  dilute  sulphuric  acid  in  the  platinum 
crucible; ;  provided  the  latter  be  capacious  enough.  In  the  case  of 
br{>inid(j  and  iodide  of  potassium,  the  use  of  platinum  vessels  must  be 
avoided. 

[  Pot^issa  salts  with  organic  acids  are  directly  converted  into  sulphate 
of  ])otassa  by  first  carbonizing  thorn  at  the  lowest  possible  temperature, 
and  after  cooling  adding  some  crystals  of  ]nire  sulphate  of  ammonia  and  a 
little  water  to  the  mass.  The  cinicible  being  covered,  the  water  is  eva- 
porated by  heating  the  crucible  cover,  and  the  whole  is  afterwards  heated 
to  dull  redness,  until  the  excess  of  sulphate  of  ammonia  is  destroyed. 
If  the  carbon  is  not  fully  consumed  by  this  operation,  add  a  little  nitrate 
of  ammonia  and  repeat  the  ignition.     Kammere".*] 

2.  Determination  as  Chloride  of  Dotassiiim. 

General  method  the  same  as  de^scribed  in  1.     Tlio  residue  of  chloiids 


[♦Frea.  Zeit.  VII.  222. \ 


^ 


§  07.]  POTASSA.  155 

of  potasfdiim  must^  previously  to  ignitioii,  be  treated  in  the  same  way  oa 
sulphate  of  potassa,  aud  for  the  same  reason.  The  salt  must  be  heated 
in  a  well-covered  cnicible  or  dish,  and  only  to  dull  redness,  as  the  ap- 
plication of  a  higher  degree  of  heat  is  likely  to  cause  some  loss  by  vola^ 
tilization.  No  particular  regard  need  be  had  to  the  presence  of  free 
acid.  For  properties  of  the  residue,  see  §  68.  This  method,  if  properly 
and  carefully  executed,  gives  very  accurate  results.  Tlie  chloride  of 
potassium  may,  instead  of  being  weighed,  be  determined  volumetrically 
by  §  141,  b.  This  method,  however,  has  no  advantage  in  the  case  of 
single  estimations,  but  saves  time  when  a  series  of  estimations  has  to  be 
made. 

In  determining  potassa  in  the  carbonate  it  is  sometimes  desirable  to 
avoid  the  effervescence  occasioned  by  treatment  with  hydrochloric  acid, 
as,  for  instance,  in  the  case  of  the  ignited  residue  of  a  potassa  salt  with 
an  organic  acid,  which  is  contained  in  the  crucible.  This  may  be  effected 
by  treating  the  carbonate  with  solution  of  chloride  of  ammonium  in 
excess,  evaporating  and  igniting,  when  carbonate  of  ammonia  and  the 
excess  of  chloride  of  ammonium  will  escape,  leaving  chloride  of  potaa- 
siiiiH  behind. 

The  methods  of  converting  into  chloride  of  potassium  the  potassa  com- 
pounds specified  above,  will  be  found  in  Part  II.  of  this  Section,  under 
the  respective  heads  of  the  acids  wliich  they  contain. 

3.  Determination  as  JBichloride  of  Platinum  and  CJdoride  of  PotoA* 
gium. 

a.  Salts  of  potassa  with  volatile  acids  (nitric  acid,  acetic  acid,  &c,). 

Mix  the  solution  with  hydrochloric  acid,  evaporate  to  dryness,  dis- 
solve the  residue  in  a  little  water,  add  a  concentrated  solution  of  bichlo- 
ride of  platinum,  as  neutral  as  possible,  in  excess,  and  evaporat,e  in  a 
porcelain  dish,  on  the  water-bath,  nearly  to  dryness,  taking  care  not  to 
heat  the  water-bath  quite  to  boiling.  Pour  spirit  of  wine  of  about  80  per 
cent,  over  the  residue ;  let  it  stand  for  some  time,  and  then  transfer  the 
bichloride  of  platinum  and  chloride  of  potassium,  which  remains  undis- 
solved, to  a  weighed  filter  (which  may  be  readily  done  by  means  of  a 
washing  bottle  filled  with  spirit  of  wine).  Wash  with  spirit  of  wine, 
dry  at  100°,  and  weigh  (§  50). 

p.  Potassa  salts  with  non- volatile  acids  (phosphoric  acid,  boracic 
acid,  &c.). 

Make  a  concentrated  solution  of  the  salt  in  water,  add  some  hydro- 
cliloric  acid,  and  bichloride  of  platinum  in  excess,  mix  with  a  tolerable 
quantity  of  the  strongest  alcohol,  let  the  mixture  stand  24  houre ;  after 
which  filter,  and  proceed  as  directed  in  a. 

Properties  of  the  precipitate,  §  68.  This  method,  if  properly  execut- 
ed, gives  satisfactory  results.  Still  there  is  generally  a  trifling  loss  of 
substance,  bichloride  of  platinum  and  chloride  of  potassium  not  being  ab- 
solutely insoluble  even  in  strong  alcohol.  In  accurate  analyses,  there- 
fore, the  alcoholic  washings  must  be  evaporated,  with  addition  of  a  little 
pui-e  chloride  af  sodium,  at  a  temperature  not  exceeding  75°,  nearly  to 
diyness,  and  the  residue  treated  once  more  with  spirit  of  wine.  A  trifling 
adiUtional  amount  of  bichloride  of  platinum  and  chloride  of  potassium 
is  thus  obtained,  which  is  either  added  to  the  principal  precipitate  or 
collected  on  a  separate  small  filter,  and  determined  as  platinum,  by  the 
method  given  below.     The  object  of  the  addition  of  a  little  chloride  of 


154  DETKHMIKATIOir.  [§98. 

Bodiiim  to  the  bichloride  of  platinum  is  to  obviate  the  decomposition  to 
which  pure  bichloride  of  platinum  is  more  liable,  upon  evaporation  in 
alcoholic  solution,  than  the  bichloride  containing  sodio-bichloride  of  pU- 
tinum.  The  atmosphere  of  a  laboratory  often  contains  ammonia,  whidi 
might  give  rise  to  the  formation  of  some  chloride  of  platinum  and 
ammonium,  and  to  a  consequent  increase  of  weight  in  die  potassium 
salt. 

As  collecting  a  precipitate  upon  a  weighed  filter  is  a  rather  tedions 
process,  and,  besides,  not  over  accurate,  where  we  have  to  deal  with 
minute  quantities  of  substance,  it  is  better  to  collect  small  portions  (up 
to  about  0*03  gmi.)  of  bichloride  of  platinum  and  chloride  of  potassium 
upon  a  very  small  unweif/Iied  filter, — dry,  and  transfer  the  filter,  with 
the  precipitate  wi*apped  up  in  it,  to  a  small  porcelain  crucible.  Cover 
the  crucible,  and  let  the  filter  slowly  char ;  remove  the  cover,  bum  the 
carbon  of  the  filter,  and  let  the  crucible  get  cold.  Put  now  a  veiy 
minute  portion  of  pure  oxalic  acid  into  the  crucible,  cover,  and  ignite^ 
gently  at  first,  finally  to  a  strong  red  heat.  The  addition  of  the  oxalio 
acid  greatly  promotes  the  complete  decomposition  of  the  bichloride  of 
platinum  and  chloride  of  potassium,  which  cannot  well  be  effected  by 
simple  ignition.  Treat  the  contents  of  the  crucible  now  with  water,  and 
wash  the  residuary  platinum,  until  the  last  rinsings  remain  dear  upon 
addition  of  solution  of  nitrate  of  silver.*  Dry  the  residuary  platinum, 
ignite,  and  weigh.  One  equivalent  of  platinum  represents  one  equivir 
lent  of  potassium. 

§98. 

2.    S0DA« 

ft.  Solution 

See  §  97,  a — solution  of  potassa — all  the  directions  given  in  thatpbee 
applying  equally  to  the  solution  of  soda  and  its  salts. 

h.  Def^^rmination, 

Soda  is  determined  either  as  sxdphate  of  sodn^  as  chloride  of  toc^WK^ 
or  as  carbonate  of  soda  (§  69).  For  the  alkalimetric  estimation  of  cui' 
tic  soda,  and  carbonate  of  soda,  see  §§  207  and  208. 

We  may  convert  into 

1.  Sulphate  op  Soda;  2.  Chloride  op  Sodiuic 

In  general  the  salts  of  soda  corresponding  to  the  salts  of  potttM 
specified  under  the  analogous  potash  compounds,  §  97. 

3.  Carbonate  op  Soda. 

Caustic  soda,  bicarbonate  of  soda,  and  salts  of  soda  with  organic  acid% 
also  nitrate  of  soda  and  chloride  of  sodium. 

In  the  borate  of  soda  the  alkali  is  estimated  best  as  sulphate  of  soda 
(§  l-'^^>) ;  i^  the  phosi)luite,  as  chloride  of  sodium,  or  carbonate  of  soda 

Salts  of  soda  T^dth  organic  acids  are  determined  either,  like  the  coiw- 
spending  pot^issa  compounds,  as  chloride,  or — by  preference — as  carbon- 
ate.    (Ill is  latter  method  is  not  so  well  adapted  for  salts  of  potasnu) 

*  The  washing  of  the  residuary  platinum  may  generally  be  elfeoted  by  wJ^nJ* 
decantatioQ. 
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The  sinaly&t  must  here  boar  in  mind,  that  when  carbon  acts  on  fusing 
carboaate  of  soda,  carbonic  oxide  escapes,  and  caustic  soda  in  not  iucon- 
hiderable  quantity  is  formed. 

1.  JJetermination  as  Sulphate  of  Soda, 

If  alone  and  in  aqueous  solution,  evaporate  to  dryness,  ignite  and 
weigh  the  residue  in  a  covered  platinum  crucible  (§  42).  The  process 
does  not  involve  any  risk  of  loss  by  decrepitation,  as  in  the  case  of  sul- 
phate of  potassa.  If  free  sulphuric  acid  happens  to  be  present,  this  is 
removed  in  the  same  way  as  in  the  case  of  sulphate  of  potassa. 

With  regai'd  to  the  conversion  of  chloride  of  sodium,  &c.,  into  sul- 
phate of  soda,  see  §  97,  6,  1.  For  properties  of  the  residue,  see  §  69, 
The  method  is  easy,  and  gives  accurate  results. 

2.  Determination  as  Odoride  of  Sodium. 

Same  method  as  described  in  1.  The  rules  given  and  the  observations 
made  in  §  97,  6,  2,  apply  equally  here.  For  properties  of  the  residue 
see  §  69. 

The  methods  of  converting  the  sulphate,  chromate,  chlorate,  and  sili- 
cate of  soda  into  chloride  of  sodium,  will  be  found  in  Part  II.  of  this 
Section,  under  the  respective  heads  of  the  acids  which  these  salts  con- 
tain. 

3.  Determination  as  Carbonate  of  Soda, 

Evaporate  the  aqueous  solution,  ignite  moderately,  and  weigh.  The 
results  are  perfectly  accurate.     For  properties  of  the  residue,  see  §  69. 

Caustic  soda  is  converted  into  the  carbonate  by  adding  to  its  aqueous 
solution  carbonate  of  ammonia  in  excess,  evaporating  at  a  gentle  heat, 
and  igniting  the  residue. 

Bicarbonate  of  soda,  if  in  the  dry  state,  is  converted  into  the  carbonate 
by  ignition.  The  heat  must  be  very  gradually  increased,  and  the  crucible 
kept  well  covered.  If  in  aqueous  solution,  it  is  evaporated  to  dryness, 
in  a  capacious  silver  or  platinum  dish,  and  the  residue  ignited. 

Salts  of  soda  with  organic  acids  are  converted  into  the  carbonate  by 
ignition  in  a  covered  platinum  crucible,  from  which  the  lid  is  removed 
after  a  time.  The  heat  roust  be  increased  very  gradually.  When  the 
mass  has  ceased  to  swell,  the  crucible  is  placed  obliquely,  with  the  lid 
leaning  against  it  (see  §  52,  fig.  42),  and  a  dull  red  heat  applied  until 
the  carbon  is  consumed  as  far  as  practicable.  The  contents  of  the  cruci- 
ble arc  then  warmed  with  water,  and  the  fluid  is  filtered  off  from  the 
residuary  carbon,  which  is  carefully  washed.  The  filtrate  and  rinsings 
are  evaporated  to  dryness  with  the  addition  of  a  little  carbonate  of 
ammonia,  and  the  residue  is  ignited  and  weighed.  The  carbonate  of 
ammonia  is  added,  to  convert  any  caustic  soda  that  may  have  been 
formed  into  carbonate.  The  method,  if  carefully  conducted,  gives  accu- 
rate results ;  however,  a  small  loss  of  soda  on  carbonization  is  not  to  be 
avoided. 

Nitrate  of  soda,  or  chloride  of  sodium,  may  be  converted  into  car- 
bonate, by  adding  to  their  aqueous  solution  perfectly  pure  oxalic  acid  in 
moderate  excess,  and  evaporating  several  times  to  dryness,  with  repeated 
renewal  of  the  water.  AH  the  nitric  acid  of  the  nitrate  of  soda  escapes 
in  this  process,  (partly  decomposed,  pai-tly  undccomposed) ;  and  equally 
80  all  the  hydrochloric  acid  in  the  case  of  chloride  of  sodium.  If  the 
residue  is  now  ignited  until  the  excess  of  oxalic  acid  is  removed,  car- 
bonate of  soda  is  left. 
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§99 
3.   Ammonia. 

a.  Solution, 

Ammonia  is  soluble  in  water,  as  are  all  its  salts  with  those  acids 
which  claim  our  attention  here.  It  is  not  always  necessary,  however, 
to  dissolve  the  ammoniacal  salts  for  the  purpose  of  determining  tbe 
amount  of  ammonia  contained  in  them. 

b.  Deterviination, 

Ammonia  is  weighed,  as  stated  §  70,  either  in  the  form  of  Mofidn 
of  ammonium^  or  in  that  of  bichloride  of  platinum  and  chloride  of 
ammonium.  Into  these  forms  it  may  be  converted  either  direcAy  or 
in^firecthj  (i.^.,  after  expulsion  as  ammonia,  and  re-combination  witli 
an  acid).  Ammonia  is  also  fi*equently  determined  by  volumetric  so- 
alysis,  and  its  quantity  is  sometimes  inferred,  from  tiie  volume  of  ni- 
trogen. 

We  convert  directly  into 

1.  Chloride  of  Ammonium. 

Ammoniacal  gas  and  its  aqueous  solution,  and  also  ammoniacal  salts 
with  weak  volatile  acids  (carbonate  of  ammonia,  sulphide  of  ammomum, 
kc). 

2.  Bichloride  of  Platinum  and  Chloride  op  Ammokiuil 

Ammoniacal  salts  with  acids  soluble  in  alcohol,  such  as  sulphate  of 
ammonia,  phosphate  of  ammonia,  <fec. 

3.  The  methods  bnsed  on  the  expulsion  of  the  ammonia  from  iti 
comj>ouu(ls,  and  also  that  of  inferring  the  amount  of  ammonia  from  the 
vohime  of  nitrogen  eliminated  in  the  dry  way,  are  equally  applicable  to 
all  niiimoniaoal  salts. 

The  expulsion  of  ammonia  in  the  diy  way,  (by  ignition  with  soda- 
limci,)  and  the  estinuition  of  that  alkali  from  the  volume  of  nitrogei 
eliminated  in  the  dry  way,  being  effected  in  the  same  manner  as  the  efr 
tiniation  of  tlie  nitrogen  in  organic  compounds,  I  refer  the  student  to 
the  iSection  on  organic  analysis.  Here  I  shall  only  give  the  methodi 
b.ised  upon  the  expulsion  of  ammonia  and  of  nitrogen  in  the  wet  waj. 
Eor  the  alkaliraetric  estimation  of  free  ammonia,  see  §§  207  and  208. 

1.   DeU'rminatlon  as  Chlorhle  of  Ammonium. 

Evaporate  the  aqueous  solution  of  the  chloride  of  ammonium  on  tlie 
water-l)ath,  and  dry  the  residue  at  100°  until  ihe^  weight  i*emains  cofr 
stant  (§  42).  The  results  arc  accurate.  The  volatilization  of  the  chlo- 
ride is  very  trifling.  A  direct  experiment  gave  99*94  instead  of  100. 
(See  Expt.  15.)  Tlio  presence  of  free  hydrochloric  acid  makes  no 
difference  ;  the  convei*sion  of  caustic  ammonia  into  chloride  of  ammo* 
nium  may  accordingly  be  (jtfected  by  supersaturating  with  hydrochloric 
acid.  Tiie  same  applies  to  the  conversion  of  the  carbonate,  with  tiiis 
addition  only,  tliat  the  process  of  supersaturation  must  be  conducted  in 
an  obliquely -placed  flask,  and  the  mixtui-e  heat.<jd  in  the  same,  till  the 
carbonic  acid  is  driven  oflT.  In  the  analysis  of  sulphide  of  ammoniam 
we  proceed  in  the  same  way,  taking  care  simply,  after  the  expulsion  of 
tiie  sulphuretted  hydrogen,  and  before  proceeding  to  evaporate,  to  filtef 
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off  the  sulphur  which  may  have  separated.  Instead  of  weighing  the 
chloride  of  ammonium,  ite  quantity  may  be  inferred  by  the  deternii* 
nation  of  its  chlorine  according  to  §  141,  b.  (Comp.  chloride  of  potas- 
sium, §  97,  b,  3). 

2.  Determination  as  bichloride  of  Platinum  and  Chloride  of  Am- 
monium, 

a.  Ammoniacal  salts  with  volatile  acids. 

Same  method  as  described  in  §  97,  b,  4,  a  (bichloride  of  platinum 
and  chloride  of  potassium). 

p.  Ammoniacal  salts  with  non-volatile  acids. 

Same  method  as  described  §  97,  6,  4,  )3  (bichloride  of  platinum  and 
chloride  of  potassium).  The  results  obtained  by  these  methods  are  ac- 
cui*ate. 

If  you  wish  to  control  the  results,*  ignite  the  double  chloride,  wrap- 
ped up  in  the  filter,  in  a  covered  crucible,  and  calculate  the  amount  of 
ammonia  from  that  of  the  residuary  platinum.  The  results  must  agree. 
The  heat  must  be  increased  very  gradually.f  Want  of  due  caution  in 
this  respect  is  apt  to  lead  to  loss,  from  particles  of  the  double  salt 
being  canied  away  with  the  chloride  of  ammonium.  Very  small 
quantities  of  bichloride  of  platinum  and  chloiide  of  ammonium  are 
coUected  on  an  unweighed  filter,  dried,  and  at  once  reduced  to  platinum 
by  ignition.J 

3.  JEJatimation  by  HJxpulsion  of  tlve  Ammonia  in  the  Wet  Way, 
Tliis  method,  which  is  applicable  in  all  cases,  may  be  efiected  in  two 

different  ways — viz., 

a.  Expulsion  op  the  Ammonia  by  distillation  with  Solution  op 
POTASSA,  or  Soda,  or  with  Milk  of  Lime.  —Applicable  in  all  cases 
where  no  nitrogenous  organic  matters  from  which  ammonia  might  be 
evolved  upon  boiling  with  solution  of  potassa,  etc.,  are  present  with  the 
ammonia  salts. 

Weigh  the  substance  under  examination  in  a^emall  glass  tube,  3  cen- 
timetres long  and  one  wide,  and  put  the  tube,  with  the  substance  in  it, 
into  a  flask  containing  a  suitable  quantity  of  moderately  concentrated 
solution  of  potassa  or  soda,  or  milk  of  lime,  from  which  every  trace  of 
ammonia  has  been  removed  by  protracted  ebullition,  but  which  has 
been  allowed  to  get  thoroughly  cold  again ;  place  the  flask  in  a  slanting 
position  on  wire-gauze,  and  immediately  connect  it  by  means  of  a  glass 
tube  bent  at  an  obtuse  angle,  with  the  glass  tube  of  a  small  cooling  ap- 
paratus. Connect  the  lower  end  of  this  tube,  by  means  of  a  tight-fit- 
ting perforated  cork,  with  a  sufficiently  large  tubulated  receiver  which 
is  in  its  turn  connected  with  a  U  tube  by  means  of  a  bent  tube  passing 
through  its  tubulure. 

^  If  the  biohloiide  of  platinnm  and  chloride  of  ammonium  is  pure,  which 
may  be  Imown  by  its  color  and  general  appearance,  this  control  may  be  dis- 
pensed with. 

f  The  best  way  is  to  continue  the  application  of  a  moderate  heat  for  a 
long  time,  then  to  remove  the  lid,  place  the  crucible  obliquely,  with  the  lid 
leaning  against  it,  and  bom  the  chanred  filter  at  a  gradually  increased  heat  (H. 
Boflc). 

^  In  a  series  of  experiments  to  get  the  platinum  from  pure  and  perfectly 
anhydrons  ammonio- bichloride    of    platinum,  hy  very  cautions  ignition,  Mr. 
Lncins.  one  of  my  pupils,  obtained  from  44  1  to  44 '3  per  cent  of  the  metal,  in 
iteadof44  8. 
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If  you  wish  to  determine  volumeiricaUy  the  quantity  of  ammoma  e» 
pelleil,  introduce  the  larger  portion  of  a  measured  quantity  of  standard 
Bohition  of  8uli>liuric  or  of  nitric  acid  (§  204 U  into  the  receiver,  the  r^ 
maiuder  into  tlie  U  tube ;  add  to  the  portion  of  fluid  in  the  latter  • 
little  water,  and  color  the  liquids  in  the  receiver  and  U  tube  red  with  I 
or  2  c.  c.  of  tincture  of  litmus.  The  cooling  tube  must  not  dip  into 
the  fluid  in  the  receiver ;  the  fluid  in  the  U  tube  must  completely  fiU 
the  lower  part,  but  it  must  not  rise  high,  as  otherwise  the  passage  of 
air  bubbles  might  easily  occasion  loss  by  spirting.  The  quantity  of  add 
iised  must  of  course  be  more  tlian  suiBcient  to  fix  the  whole  of  the  am- 
monia expelled.    ' 

When  the  apparatus  is  fully  arranged,  and  you  have  ascertained  that 
all  the  joints  are  pei-fectly  tight,  heat  the  contents  of  the  flask  to  gentle 
ebullition,  and  continue  the  application  of  the  same  degree  of  heat  until 
the  drops,  as  they  fall  into  the  receiver,  have  for  some  time  altogether 
oeasf.^d  to  impart  the  least  tint  of  blue  to  the  portion  of  the  fluid  with 
which  they  first  come  in  contact.  Jx)osen  the  cork  of  the  flask,  allow  to 
stand  half  an  hour,  pour  the  contents  of  the  receiver  and  U  tube  into  a 
beaker,  rinsing  out  with  small  quantities  of  water,  determine  finally 
with  a  standard  solution  of  soda  the  quantity  of  acid  still  free,  which, 
by  simple  subtraction,  will  give  the  amount  of  acid  which  has  combined 
with  the  ammonia  ;  and  from  this  you  may  now  calculate  the  amount  of 
the  latter  (§  204).     Kesults  accurate.* 

If  you  wish  to  determine  by  the  gravimetric  method  the  quantity  of 
ammonia  expelled,  receive  the  ammonia  evolved  in  a  quantity  of  hydro- 
chloric acid  more  than  sufficient  to  fix.  the  whole  of  it,  and  determine 
the  chloride  of  ammonium  formed,  either  by  simple  evaporation,  after 
the  directions  of  1,  or  as  ammonio-bichloride  of  platinum,  after  the 
directions  of  2. 

h.  Expulsion  of  the  Ammonia  by  Milk  of  Lime,  without  Appuc^ 
TiON  OF  Heat. — This  method,  recommended  by  Schlosino,  is  based  upos 
the  fact  that  an  ac^ueous  solution  containing  free  ammonia  gives  off  the 
latt<T  completely,  and  in  a  comparatively  short  time,  when  exposed  in 
a  shallow  vessel  to  the  air,  at  the  common  temperature.  It  finds  appli- 
cation in  cases  where  the  presence  of  organic  nitrogenous  substance^ 
decomposable  by  boiling  alkalies,  forbids  the  use  of  the  method  described 
in  3,  a ;  thus,  for  iiLstance,  in  the  estimation  of  the  ammonia  in  urim^ 
manures,  tfec. 

The  fluid  containing  the  ammonia,  the  volume  of  which  most  not 
excised  35  c.  c,  is  introduced  into  a  shallow  fiat-bottomed  vessel  firom  10 
to  12  centimetres  in  diametor;  this  vessel  is  put  on  a  plate  filled  wiA 
mercury.  A  tripod,  made  of  a  massive  glass  rod,  is  placed  in  the  veeael 
which  contains  the  solution  of  the  ammoniacal  salt,  and  a  saucer  or 
shallow  dish  with  10  c.  c.  of  the  normal  solution  of  oxalic  or  sulphnxie 
acid  (§  204)  put  on  it.  A  beaker  is  now  inverted  over  the  whole.  The 
beaker  is  lifted  up  on  one  side  as  far  as  is  required,  and  a  suffident 
quantity  of  milk  of  lime  added  by  means  of  a  pipette  (which  should  not 
bo  drawn  out  at  the  lower  end).  The  l>eaker  is  then  rapidly  preeHd 
down,  and  weighted  with  a  stone  slab.  After  forty-eight  hours  the g)afl 
is  lifted  up,  and  a  slip  of  moist  reddened  litmus  paper  placed  in  it;  if 


•  fin  thiiR  optimntinpr  minute  quantities  of  ammonia,  the  condoning  toti 
must  be  of  tin,  since  glass  yields  a  sensiblo  amount  of  alkali  to  hot  water  TtpoK] 
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no  change  of  color  is  observable,  this  is  a  sign  that  the  expiilsion  of  the 
ammonia  is  complete ;  in  the  contrary  case,  the  glass  must  be  replaced. 
Instead  of  the  beaker  and  plate  with  mercury,  a  bell-jar,  with  a  ground 
and  greased  rim,  placed  air-tight  on  a  level  glass  plate,  may  be  used.  A 
bell-jar,  having  at  the  top  a  tubular  opening,  furnished  with  a  close- 
fitting  glass  stopper,  answers  the  purpose  best,  as  it  permits  the  intro- 
duction of  a  slip  of  red  litmus  paper  suspended  from  a  thread ;  thus 
enabling  the  operator  to  see  whether  the  combination  of  the  ammonia 
with  the  acid  is  completed,  without  the  necessity  of  removing  the  bell- 
jar.  According  to  Schlosinq,  forty-eight  hours  are  always  sufficient  to 
expel  0*1  to  1  gramme  of  ammonia  from  25  to  35  c.  c.  of  solution* 
However,  I  can  admit  this  statement  only  as  regai'ds  quantities  up  to 
0*3  grm. ;  quantities  above  this  often  reqidre  a  longer  time.  I,  there- 
fore, always  pi*efer  operating  with  quantities  of  substance  containing  no 
more  than  0*3  grm.  ammonia  at  the  most. 

When  all  the  ammonia  has  been  expelled,  and  has  entered  into  com- 
bination with  the  acid,  the  quantity  of  acid  left  free  is  determined  by 
means  of  standard  solution  of  soda,  and  the  amount  of  the  ammonia 
calculated  &om  the  result  (§  204). 

4.  JEstimation  by  Expulsion  of  the  Nit/ro- 
gen  in  the  Wet  Way, 

A  process  for  determining  ammonia  by 
means  of  the  azotometer  has  been  given  by  W. 
Knop.*  It  depends  on  the  separation  of  the 
nitrogen  by  a  bromized  and  strongly  alkaline 
Boluticm  of  hypochlorite  of  soda.f 

[The  simplest  azotometer  is  that  described 
by  RuMPF.J  It  consists  of  a  burette  of  50  or 
100  c.  c.  stationed  in  a  glass  cylinder  nearly 
filled  with  mercury,  and  connected  by  a  stout 
caoutchouc  tube  with  a  small  bottle,  a,  fig.  46, 
to  which  is  fitted  a  soft  thrice-perforated  ca- 
outchouc stopper.  The  stopper  carries  a  ther- 
mometer and  two  short  glass  tubes,  one  of 
which  joins  it  to  the  burette,  and  the  other 
lias  attached  a  short  bit  of  caoiitchouc  tubing 
and  a  pinch-cock,  6.  The  weighed  ammonia  salt 
(not  more  than  0*4  grm.)  is  placed  in  the  tube, 
fy  with  10  c.  c.  of  water,  and  50  c.  c,  of  the 
bromized  hypochlorite  solution  are  brought 
into  the  bottle,  a.  The  cock,  e,  being  open,  the 
stopper  is  fimily  fixed  in  its  place,  and  the 
bui^tte  is  depressed  in  the  mercury  until  its 
uppermost  degree  exactly  coincides  with  the 
waxfauce  of  the  metal.     The  cock  is  then  closed, 

"  ♦  Cham.  Oentralbl.  1860.  244. 

f  This  is  prepared  as  follows : — Dissolve  1  part  of  carbonate  of  soda  in  15  parts 
of  water,  cool  the  fluid  with  ice,  saturate  perfectly  with  chlorine,  keeping  cold 
•n  the  while,  and  add  strong  soda  solution  (of  S5  per  cent . )  till  the  mixture  on 
nibbing  between  the  fingers  makes  the  skin  slippery.  Before  using,  a/ Id  to  the 
quantity  required  for  the  series  of  experiments  bromine  in  the  proportion  of  2-^ 
gtm.  to  the  litre,  and  shake. 

i  Free.  Zeit.,  YL  806. 
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bottle  is  inclined  to  bring  the  two  substances  in  contact.  Tlie 
I  salt  is  speedily  decomposed,  "When  no  further  evolution  of  gas 
ace  the  burette  is  so  adjusted  that  the  level  of  the  mercuiy 

and  within  it  shall  nearly  coincide,  and  the  operator  waita 
iinutes,  or  until  the  thermometer  in  a  indicates  the  same  iem- 

as  the  surrounding  air.  Then  the  adjustment  of  the  burette  to 
incidence  of  the  mercury  level,  within  and  without,  is  eft'ected, 
volume  of  the  gas  is  read  off.  The  stand  of  the  thermometer 
(meter  are  also  noted,  and  the  recorded  volume  of  nitrogen  is 
\  by  use  of  the  tables  on  pp.  160  and  162-163,  by  Dietrich: 
rst  table  gives  a  correction  for  the  nitrogen  which  is  absorbed 
0  c.  c.  of  liquid  in  the  bottle  a.  The  amount  varies  with  the 
volumes  of  air  and  nitrogen,  and  is  determined  empirically  by 
sing  known  quantities  of  ammonia  and  noting  the  difierence 
the  obtained  and  the  theoretical  volume  of  nitrogen.  The  cor- 
olds  strictly,  of  course,  only  for  a  solution  of  such  strength  as 
>loyed  by  Dietrich  and  at  the  mean  temperatures. 
K3ond  table  serves  to  spare  the  labor  of  calculation.  The  weight 
of  nitrogen,  measured  e.  g,  at  754  mm.  of  barometer  and  15°  C, 

at  the  intersection  of  the  vertical  column  754  with  the  hori- 
Jumn  15°,  is,  viz.,  M6187. 
)  observed  volume  of  nitrogen  add  the  amount  absorbed  as  per 

and  correct  the  total  by  Table  II.  It  scarcely  requires  to  be 
3d  that  good  results  can  only  be  obtained  in  an  apartment 
le  temperature  is  uniform,  and  when  care  is  exercised  to  avoid 

the  apparatus  in  handling.     See  Dietriches  papers.* 


§  100. 

Supplement  to  the  First  Chvup. 

lithia. 

• 

)  absence  of  other  bases,  lithia  may,  like  potassa  and  soda,  be 
d  into  anhydrous  sulphate,  and  weighed  in  that  form 
O3).  As  lithia  forms  no  acid  sulphate,  the  excess  of  sulphuric 
••  be  readily  removed  by  simple  ignition.  Carbonate  op  lithia 
ch  is  difficultly  soluble  in  water,  and  fuses  at  a  red  heat  without 
decomposition,  is  well  suited  for  weighing ;  whilst  chloride  of 
which  deliquesces  in  the  air,  and  is  by  ignition  in  moist  air 
d  into  hydrochloric  acid  and  lithia,  is  unfit  for  the  estimation 

sence  of  other  alkalies,  lithia  is  best  converted  into  basic  phos- 
F  lithia  (3  Li  O,  P  O5),  and  weighed  in  that  form.  This  is 
by  the  following  process :  add  to  the  solution  a  sufficient  quan- 
bosphate  of  soda  (which  must  be  perfectly  free  from  phosphates 
kaline  earths),  and  enough  soda  to  keep  the  i*eaction  alkaline, 
K>rate  the  mixture  to  dryness ;  pour  water  over  the  residue,  in 
)  quantity  to  dissolve  the  soluble  salts  with  the  aid  of  a  gentl«» 

•  Free.  Zeit.  HI  162.  ;  IV.  141,  and  V.  86. 
11 
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hoat,  add  an  equal  volume  of  solution  of  ammonia,  digest  at  a  gentle 
float,  liiter  after  twelve  hours,  and  wash  the  precipitate  with  a  mixture 
of  equal  volumes  of  water  and  sohition  of  ammonia.  Eyaporate  the 
filtrate  and  first  washings  to  dryness,  and  treat  the  residue  in  the  same 
way  as  before.  If  some  more  phosphate  of  lithia  is  thereby  obtained, 
add  this  to  the  principal  quantity.  The  process  gives,  on  an  average^ 
99-61  for  100  parts  of  lithia. 

If  the  quantity  of  lithia  present  is  relatively  very  small,  the  larger  po^ 
tion  of  the  pot^ssa  or  soda  compounds  should  first  be  removed  by  addi* 
tion  of  absolute  alcohol  to  the  most  highly  concentrated  solution  of 
the  salts  (chlorides,  bromides,  iodides,  or  nitrates,  but  not  sulphates); 
since  this,  by  lessening  the  amount  of  water  required  to  effect  the  sejMin- 
tion  of  the  phosphate  of  lithia  from  the  soluble  salts,  will  prevent  loss  of 
lithia  (W.  Mayer*). 

The  precii)itated  basic  phosphate  of  lithia  has  the  formula  3  Li  0, 
P  Ojj  4-  aq.  It  dissolves  in  2539  parts  of  pure,  and  3920  parts  of  ammo> 
niated  water ;  at  100°,  it  completely  loses  its  water ;  if  pure,  it  does  not 
cake  at  a  moderate  red  heat  (Mayer). 

The  objections  raised  by  IIamsielsbero  f  to  Mayer's  method  of  estinuh 
ting  lithia  I  find  to  be  ungrounded.  According  to  my  own  experience, 
it  appears  that  the  filtrate  and  wash- water  must  be  evaporated  in  aplad- 
num  dish  not  only  once,  but  at  least  twice — in  fact,  till  a  residue  ii 
obtained  which  is  completely  soluble  in  dilute  ammonia.  Phosphate  of 
lithia  may  bo  dried  at  100°,  or  ignited  according  to  §  53,  before  beLag 
weighed.  In  the  latter  case,  care  must  be  taken  to  free  the  filter  as  mmk 
as  possible  from  the  precipitate  before  proceeding  to  incinerate  it.  I  have 
thus  obtained,  J  instead  of  100  parts  carbonate  of  lithia,  by  drying  at 
100°,  99-84,  99-89,  100-41,— by  igniting  99-66  and  100-05.  The  phofr 
phate  of  lithia  obtained  was  free  from  soda. 


SECOND   GROUP. 
baryta — STRONTIA — LIME — MAGNESIA. 

§  101. 

1.  Baryta. 

a.  Solution, 

Caustic  baryta  is  soluble  in  water,  as  are  many  of  the  salts  of  this  alki- 
line  earth.  The  salts  of  baryta  which  are  insoluble  in  water  are,  with  al- 
most the  single  exception  of  the  sulphate,  readily  dissolved  by  dilute 
hydrochloric  acid.  The  solution  of  the  sulphate  is  effected  by  fusion  witli 
carbonate  of  soda,  &c,     (See  §  132.) 

h.  J^etei-minafinn. 

Baryta  is  weii;hed  either  as  fntljyhute  or  as  carbonate j  rarely  (in  thesepa* 


•  Annal.  derChem.  u.  Phann.  98,193,  whore  Mayer  has  also  demonstrated  the 
non-exifltenoe  of  n  phoHphatc  of  soda  and  lithia  of  fixed  oompoeitioQ  (BerMliiii), 
or  of  varying  compoBition  (Raramelsberg). 

+  Poprg.  Annal.  102,  443. 

I  Zeitschr.  f.  Analyt.  Chem.  1,43. 
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ration  from  strontia)  as  sUioo-jluaride  of  barium  (%  71).      Baiyta  in  the 
pure  state,  or  in  form  of  carbonate,  may  also  be  determined  bj  the  volu- 
metric (alkalimetric)  method. '  Ck>mp.  §  210. 
We  may  convert  into 

1.  Sulphate  of  Babtta* 

a.  By  I^recipttcUian.  6.  By  Evaporation. 

All  compounds  of  baryta  without  All  compounds  of  baryta  with 
exception.  volatile  acids,  if  no  other  non-vokr 

tile  body^is  present, 

2.  Carbonate  of  Babyta. 

a.  All  salts  of  baryta  soluble  in  water. 

6.SalUofbaryU^tho.«udcacids. 

Baryta  is  both  precipitated  and  weighed,  by  far  the  most  frequently  aa 
sulphate,  the  more  so  as  this  is  the  form  in  which  it  is  most  conveniently 
separated  from  other  bases.  The  determination  by  means  of  evaporation 
(1,  6)  is,  in  cases  where  it  can  be  applied,  and  where  we  are  not  obliged  to 
evaporate  large  quantities  of  fluid,  very  exact  and  convenient.  Baiyta  is 
determined  as  carbonate  in  the  wet  way,  when  from  any  reason  it  is  not 
possible  or  not  desirable  to  precipitate  it  as  sulphate.  If  a  fluid  or  dry 
substance  contains  bodies  which  impede  the  pi*ecipitation  of  the  baryta  as 
milphate  or  carbonate  (alkaline  citrates,  metaphosphoric  acid,  see  §  71, 
a  and  6),  such  bodies  must  of  course  be  got  rid  of,  before  proceeding  to 
precipitation. 

I.  I)eUrm%fuUion  aa  Sulphate  of  Baryta. 

a.  By  Precipit(xtion, 

Heat  the  moderately  dilute  solution  of  baryta,  which  must  not  contain 
too  much  free  acid  (and  must,  therefore,  if  necessary,  first  be  freed  there- 
from by  evaporation  or  addition  of  carbonate  of  soda),  in  a  platinum  or 
porceliun  dish,  or  in  a  glass  vessel,  to  incipient  ebullition,  add  dilute  sul- 
phuric acid,  as  long  as  a  precipitate  forms,  keep  the  mixture  for  some  time 
at  a  temperature  very  near  tiie  boiling  point,  and  allow  the  precipitate  a 
fdw  minutes  to  subside ;  decant  the  almost  clear  supernatant  fluid  on  a 
filter,  boil  the  precipitate  three  or  four  times  with  water,  then  transfer  it 
to  the  filter,  and  wash  with  boiling  water,  until  the  filtrate  is  no  longer 
rendered  turbid  by  chloride  of  barium.  Dry  the  precipitate,  and  treat  it 
as  directed  in  §  53.  If  the  precipitate  has  been  properly  washed  in  the 
manner  here  directed,  it  is  perfectly  pure,  and  gives  up  no  chloride  of 
barium  to  acetic  acid,  even  if  boiling,  nor  any  appreciable  trace  of  it  to 
boiling  nitric  acid,*  though  the  solution  had  contained  that  salt.* 

6.  By  Evaporation, 
Add  to  the  solution,  in  a  weighed  platinum  dish,  pure  sulphuric  add 

*  I  mention  this  in  reference  to  Siegle^s  statement  in  the  Jonmal  f .  prakt. 
Chem.  69,  142,  that  acetic  acid  and  nitric  acid  will  still  extract  small  quantities 
of  chloride  of  barium  from  scdphate  of  baiyta.  formed  in  presence  of  an  excess 
of  sulphuric  add,  and  thoronghly  washed  with  water. 
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very  slightly  in  excess,  and  evaporate  on  the  water-bath  ;  expel  the  exoeai 
of  sulphuric  acid  by  cautious  application  of  heat,  and  ignite  the  residue 

For  the  properties  of  sulphate  of  baryta,  see  §  71. 

Both  methods,  if  properly  and  cai*efully  executed,  give  almost  abeolutelj 
accurate  results. 

•  2.  Determinatian  as  Ca/rhonate  of  Ha/ryta, 

a.  In  Solutions, 

Mix  the  moderately  dilute  solution  of  the  baryta  salt  in  a  beaker 
with  ammonia,  add  carbonate  of  ammonia  in  slight  excess,  and  let 
the  mixture  stand  several  hours  in  a  warm  place.  Filter,  wash  the 
precipitate  with  water  mixed  with  a  little  ammonia,  dry,  and  ignite 
(§  53). 

For  the  properties  of  the  precipitate,  see  §  71,  This  metJiod  in- 
volves a  trifling  loss  of  substance,  as  the  carbonate  of  baryta  is  not  ab< 
solut^ly  insoluble  in  water.  The  direct  experiment.  No.  62,  gave  99*79 
instead  of  100. 

If  the  solution  contains  a  notable  quantity  of  ammoniacal  salts,  the 
loss  incurred  is  much  more  considerable,  since  the  presence  of  such  alti 
greatly  increases  the  solubility  of  the  carbonate  of  baryta. 

6.  In  Salts  of  J^aryta  vnth  Organic  Adds. 

Heat  the  salt  slowly  in  a  covered  platinum  crucible,  until  no  man 
fumes  are  evolved ;  place  the  crucible  obliquely,  with  the  lid  leaning 
against  it,  and  ignite,  until  the  whole  of  the  carbon  is  consumed,  and 
the  residue  presents  a  perfectly  white  appearance  :  moisten  the  lesidne 
with  a  concentrated  solution  of  carbonate  of  anmionia,  evaporate,  ignite 
gently,  and  weigh.  The  results  obtidned  by  this  method  are  quite 
satLsfactory.  A  direct  exporimout.  No.  G3,  gave  99*61  instead  of  100. 
The  loss  of  substance  which  almost  invariably  attends  this  method  is 
owing  to  particles  of  the  salt  being  carried  away  with  the  fumes 
evolved  upon  ignition,  and  is  accordingly  the  less  considerable,  the 
more  slowly  and  gradually  the  heat  is  increased.  Omission  of  the 
moistening  of  the  residue  with  carbonate  of  ammonia  would  involve  a 
further  loss  of  substance,  as  the  ignition  of  carbonate  of  baryta  in  con- 
tact with  carbon  is  attended  with  formation  of  some  caustic  baryta, 
bonic  oxide  gas  being  evolved. 


§102. 

2.  Strontia. 

a.   Solution. 

See  the  preceding  paragraph  (§  101,  a. — Solution  of  baryta),  fl» 
directions  there  given  applying  equally  here. 

h.  Betermimition. 

Strontia  is  weighed  either  as  suIpJiate  or  as  carbonate  of  HrtmtiM 
(§  72).  Strontia  in  the  pure  stat^,  or  in  foim  of  carbonate,  may  be  dfr 
terniined  also  by  the  volumetric  (alkalimetric)  method.     Comp.  8  210. 

Wo  may  convert  into 
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1.  Sulphate  op  Strontia. 

a,  By  PrecipkcUion.  ^ 

All  compounds  of  strontia  without  exception. 

h.  By  Evaporation. 

All  salts  of  strontia  with  volatile  acids,  if  no  other  non-volatile  bodi 
is  present. 

2.  Carbonate  op  Strontia. 

a.  All  compounds  of  strontia  soluble  in  water. 

j3.  Salts  of  strontia  with  organic  acids. 

The  method  based  on  the  precipitation  of  strontia  with  sulphurio 
acid  yields  accurate  results  only  in  cases  where  the  fluid  from  which  the 
strontia  is  to  be  precipitated  may  be  mixed,  without  injury,  with  alco- 
hol. Where  this  cannot  be  done,  and  where  the  method  based  on  the 
evaporation  of  the  solution  of  strontia  with  sulphuric  acid  is  equally 
inapplicable,  the  conversion  into  the  carbonate  ought  to  be  resorted  to 
in  preference,  if  admissible.  As  in  the  case  of  baryta,  so  here,  we  have 
to  be  on  our  guard  against  the  presence  of  substances  which  would  im- 
pede precipitation. 

1.  Determination  as  Sulphate  of  Strontia. 

a.  By  Precipitation. 

Mix  the  solution  of  the  salt  of  strontia  (which  must  not  be  too 
dilute,  nor  contain  much  free  hydrochloric  or  nitric  acid)  with  dilute 
sulphuric  acid  in  excess,  in  a  beaker,  and  add  at  least  an  equal  volume 
of  alcohol ;  let  the  mixture  stand  twelve  hours,  and  filter ;  wash  the 
precipitate  with  dilute  spirit  of  wine,  dry  and  ignite  (§  53). 

If  the  circumstances  of  the  case  prevent  the  use  of  alcohol,  the  fluid 
must  be  precipitated  in  a  tolerably  concentrated  state,  allowed  to  stand 
in  the  cold'  for  at  least  twenty-four  hours,  filtered,  and  the  precipitate 
washed  with  cold  water,  until  the  last  rinsings  manifest  no  longei*  an 
acid  reaction,  and  leave  no  perceptible  residue  upon  evaporation.  If 
traces  of  free  sulphuric  acid  remain  adhering  to  the  filter,  the  latter 
turns  black  on  drying,  and  crumbles  to  pieces ;  too  protracted  washing 
of  the  precipitate,  on  the  other  hand,  tends  to  increase  the  loss  of  sub- 
stance. 

Care  must  be  taken  that  the  precipitate  be  thoroughly  dry,  before 
proceeding  to  ignite  it ;  otherwise  it  will  be  apt  to  throw  off  fine  par- 
ticles during  the  latter  process.  The  filter,  which  is  to  be  burnt  apart 
from  the  precipitate,  must  be  as  clean  as  possible,  or  some  loss  of  sub- 
stance will  be  incurred ;  as  may  be  clearly  seen  from  the  depth  of  the 
carmine  tint  of  the  flame  with  which  the  filter  bums  if  the  precipitate 
has  not  been  properly  removed. 

For  the  properties  of  the  precipitate,  see  §  72.  When  alcohol  is 
used  and  the  directions  given  are  properly  adhered  to,  the  results  are 
very  accurate ;  when  the  sulphate  of  strontia  is  precipitated  from  an 
aqueous  solution,  on  the  contrary,  a  certain  amount  of  loss  is  unavoid- 
able, as  sulphate  of  strontia  is  not  absolutely  insoluble  in  water.  The 
<firect  experiments.  No.  64,  gave  only  98*12  and  98*02  instead  of  100 
However,  the  error  may  be  rectified,  by  calculating  the  amount  of  sul 
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phate  of  strontia  dissolved  in  the  filtrate  and  the  waah-water,  hasing 
the  calculation  upon  the  known  degree  of  solubilitj  of  sulphate  of 
Btrontia  in  pure  and  acidified  water.  See  Expt.  No.  66,  which,  with 
this  correction,  gave  99*77  instead  of  100. 

6.  By  EvaporcUion. 
The  same  method  as  described  for  baryta,  §  101,  1,  ft. 

2.  Determination  as  Carbonate  of  StrotUia, 

a.  Jn  Solutions, 

The  same  method  as  described  §  101,  2,  a.  For  the  properties  of  tiM 
precipitate,  see  §  72.  The  method  gives  very  accurate  restdts,  as  car 
bonate  of  strontia  is  nearly  absolutely  insoluble  in  water  containing 
ammonia  and  carbonate  of  ammonia.  A  direct  experiment.  No.  66, 
gave  99*82  instead  of  100.  Presence  of  ammomacal  salts  exerciBet 
here  a  less  adverse  influence  than  the  precipitation  of  carbonate  of 
baryta. 

h.  In  Salts  with  Organic  Acids, 

The  same  method  as  described  §  101,  2,  b.  The  remarks  made  there^ 
respecting  the  accuracy  of  the  results,  apply  equally  here. 


§  103. 

3.  LiMS. 

a.  Solution, 

See  §  101,  a. — Solution  of  baryta.  Fluoride  of  calcium  is,  by  meui 
of  sulphuric  acid,  converted  int-o  sulphate  of  lime,  and  the  latt^  again, 
if  necessary,  decomposed  by  boiling  or  fusing  with  an  alkaline  carbon- 
ate (§  132).  [Sulphate  of  lime  dissolves  readily  in  moderately  dilate 
hydrocliloric  acid.  It  is  much  less  soluble  in  strong  hydiochlorifl 
acid.] 

b.  Determination, 

Lime  is  weighed  either  as  svJphate,  or  as  carbonaie  of  lime  (^  73).  It 
may  be  brought  into  the  first  form  by  evaporation,  or  by  precipitation; 
into  the  latter,  by  preciintation  as  oxalate,  or  at  once  as  carbonate,  or  by 
ignition. 

Small  quantities  of  lime  are  also  occasionally  reduced  to  the  caustic 
state,  instead  of  being  convened  into  carbonate.  Lime  in  the  pure  state, 
or  in  form  of  carbonate,  may  be  determined  also  by  the  Tolumetiie 
(alkalimetric)  method.     Comp,  §  210. 

We  may  convert  into 

1.  Sulphate  of  Lime. 

a.  By  Precipitation, 

All  salts  of  lime  with  acids  soluble  in  alcohol,  provided  no  other  Sok 
itance  insoluble  in  alcohol  be  present. 
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6.  Si/  Evaporation, 

All  salts  of  lime  with  yolatile  acids,  provided  no  non-volatile  bodj  be 
present. 

2.  Carbonats  of  Lime. 

a.  £y  Precipitation  witk  Can'honate  of  Ammoniac 
All  salts  of  lime  soluble  in  water. 

h.  By  PredpiUxtion  with  Oxalate  of  Ammonia, 

AH  salts  of  lime  soluble  in  water  or  in  hydrochloric  acid  without 
exception. 

c,  JBy  Ignition, 
Salts  of  Hme  with  organic  acids. 

Of  these  several  methods,  2,  6  (precipitation  with  oxalate  of  ammonia) 
is  the  one  most  frequently  resorted  to.  This,  and  the  method  1,  5,  give 
the  most  accui-ate  results.  The  method,  1,  a,  is  usually  resorted  to  only 
to  effect  the  separation  of  lime  from  other  bases ;  2,  a,  generally  only  to 
effect  the  separation  of  lime  together  with  other  alkaline  earths  from  the 
alkalies.  As  many  bodies  (alkaline  citrates,  aud  metaphosphates)  inter- 
fere with  the  precipitation  of  lime  by  the  precipitants  given,  these,  if  pre- 
senty  must  be  first  removed. 

1.  Determination  as  Sulphate  of  lAm/e* 

a,  By  Precipitation, 

liix  the  solution  of  lime  in  a  beaker,  with  dilute  sulphuric  acid  in 
excess,  and  add  twice  the  volume  of  alcohol ;  let  the  mixture  stand  twelve 
houra,  filter,  and  thoroughly  wash  the  precipitate  with  spiiit  of  wine,  dry, 
and  ignite  moderately  (§53).  For  the  properties  of  the  precipitate,  see 
8  73.  The  results  are  very  accurate.  A  direct  experiment,  No.  67,  gave 
99-64  instead  of  100. 

6.  By  EvaporcUion, 
The  same  method  as  described  §  101, 1,  6. 

2.  Determination  ae  Carbonate  of  lAme, 

a.  By  Precipitation  loith  Carbonate  of  Ammonia, 

The  same  method  as  described  §  101,  2,  a.  The  precipitate  must  be 
exposed  only  to  a  very  gentle  red  heat,  but  this  must  be  continued  for 
some  time.     For  the  properties  of  the  precipitate,  see  §  73. 

Thill  method  gives  very  accurate  results,  the  loss  of  substance  incurred 
being  hardly  worth  mentioning. 

If  the  solution  coiitains  chloride  of  ammonium  or  similar  ammoniacal 
salts  in  considerable  proportion,  the  loss  of  substance  incurred  is  far 
greater.  The  same  is  the  case  if  the  precipitate  is  washed  with  pni*e  in- 
stead of  ammoniacal  water.  A  direct  experiment,  No.  68,  in  which  pure 
water  was  used,  gave  99*17  instead  of  1()0  parts  of  lime. 
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5.  Sy  Precipitation  with  OxaltUe  of  Ammonia. 

a.  The  Lime  Salt  is  soluble  in  Water, 

To  the  hot  solution  in  a  beaker,  add  oxalate  of  ammonia  in  modenti 
excess,  and  then  ammonia  sufficient  to  impart  an  ammoniacal  smell  to 
the  fluid ;  cover  the  glass,  and  let  it  stand  in  a  warm  place  imtil  the 
precipitate  has  completely  subsided,  which  will  require  twelve  huun, 
at  least.  Pour  the  clear  fluid  gently  and  cautiously,  so  as  to  leave  the 
precipitate  undisturbed,  on  a  filter ;  wash  the  precipitate  two  or  three 
times  by  decantation  with  hot  water;  lastly,  transfer  the  precipitate 
also  to  the  filter,  by  rinsing  with  hot  water,  taking  care,  before  the  ad* 
dition  of  a  fresh  portion,  to  wait  until  the  fluid  has  completely  passed 
through  the  filter.  Small  particles  of  the  precipitate,  adhering  firmljr  to 
the  glass,  are  removed  with  a  feather.  If  this  flails  to  efi'ect  their  com- 
plete removal,  they  should  be  dissolved  in  a  few  drops  of  highly  dilute 
hydrochloric  acid,  amruonia  added  to  the  solution,  and  the  oxalate  ob- 
tained added  to  the  first  precipitate.  Deviations  from  the  rules  kid 
down  here  will  generally  give  rise  to  the  passing  of  a  turbid  fluid 
through  the  filter.  After  having  washed  the  precipitate,  dry  it  on  tlie 
filter  in  the  funnel,  and  transfer  the  dry  precipitate  to  a  platinum  cru- 
cible, taking  care  to  remove  it  as  completely  as  possible  from  the  filter ; 
bum  the  filter  on  a  piece  of  platinum  wire,  letting  the  ash  drop  into  the 
hollow  of  the  lid  ;  put  the  latter,  now  inverted,  on  the  crucible,  so  that 
the  filter  ash  may  not  mix  with  the  precipitate ;  heat  at  first  very  genthr, 
then  more  strongly,  until  the  bottom  of  the  cioicible  is  heated  to  verj 
faint  redness.  Keep  it  at  that  temperature  from  ten  to  fifteen  minntei^ 
removing  the  lid  from  time  to  time.  I  am  accustomed  during  this  opera- 
tion to  move  the  lamp  backwards  and  forwards  under  the  cnicibie  with 
the  hand,  since,  if  you  allow  it  to  stand,  the  heat  may  very  easily  get 
too  high.  Finally  allow  to  cool  in  the  desiccator  and  weigh.  After 
weighing,  moisten  the  contents  of  the  crucible,  which  must  be  perfectly 
white,  or  barely  show  the  least  tinge  of  gray,  with  a  little  water,  and 
test  this  after  a  time  with  a  minute  slip  of  turmeric  paper.  Should  the 
paper  turn  brown — a  sign  that  the  heat  applied  was  too  strong — ^riiue 
off  the  fluid  adhering  to  the  paper  with  a  little  water  into  the  cmdUe, 
throw  in  a  small  lumj)  of  pui*e  carbonate  of  ammonia,  evaporate  to  dir- 
ness  (l>est  in  the  water-bath),  heat  to  very  faint  redness,  and  weigh 
the  residue.  If  the  weight  has  increased,  repeat  the  same  operation  un- 
til the  weight  remains  constant.  This  method  gives  nearly  absolutelj 
accurate  results;  and  if  the  application  of  heat  is  properly  managed, 
there  is  no  need  of  the  tedious  evaporation  with  carbonate  of  ft^mtnfmk. 
A  direct  experiment,  No.  69,.gavo  99*99  instead  of  100. 

For  the  properties  of  the  precipitate  and  residue,  see  §  73. 

If  the  quantity  of  oxalate  of  lime  obtained  is  only  very  trifling,  I  pre- 
fer to  convert  it  into  caustic  lime  or  into  the  sulphate.  To  effect  the 
former,  the  oxalate  of  lime  is  heated  to  intense  I'edness,  in  a  small  plad* 
num  crucible,  over  a  gas  blow-pipe  fiame  for  some  time.  The  conver* 
sion  of  the  oxalate  into  sul]>hate  is  eflected  most  conveniently  by  ScHBdf* 
TER^s  method,  viz.,  ignition  with  pure  sulphate  of  ammonia. 

Many  chemists  prefer  collecting  the  oxalate  of  lime  upon  a  weighed 
filter,  and  drying  at  100°.  Thus  obtained  it  consists  of  2  Ca  O,  CA+* 
aq.     This  method,  besides  being  more  tedious,  gives  less  accurate  resuhi 
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than  that  based  on  tlie  conversion  of  the  oxalate  into  the  caihonate 
The  direct  experiment,  No.  70,  gave  100*45  instead  of  100. 

Instead  of  weighing  the  oxalate  of  lime  as  such,  or  in  form  of  carbon- 
ate, &c.,  the  quantity  of  lime  present  in  the  salt  may  be  ietermined  also 
by  two  different  volumetric  methods. 

a.  Ignite  the  oxalate,  converting  it  thus  into  a  mixture  of  carbonate 
and  caustic  lime,  and  determine  the  quantity  of  the  lime  by  the  alkalimet- 
ric  method  described  in  §  210  ;  or, 

b.  Determine  the  oxalic  acid  in  the  well- washed  but  still  moist  oxalate 
of  lime  by  means  of  permanganate  of  potassa  (§  137),  and  reckon  for 
each  equivalent  of  bibasic  oxalic  acid  2  equivalents  of  lime  (Hempel). 

With  proper  care,  both  these  volumetric  methods  give  as  accurate 
results  as  those  obtained  by  weighing.  (Comp.  Expt.  No.  71.)  They 
deserve  to  be  recommended  more  particularly  in  cases  where  an  entire 
series  of  quantitative  estimations  of  lime  has  to  be  made.  Under  cei-tain 
circumstances  it  may  also  prove  advantageous  to  precipitate  the  lime 
with  a  measured  quantity  of  a  standard  solution  of  oxalic  acid  or  qua- 
droxalate  of  potassa,  filter,  and  determine  the  excess  of  oxalic  acid  in 
the  filtrate.     (Kraut.*) 

^.   The  Salt  is  insoluble  in  Water, 

Dissolve  the  salt  in  dilute  hydrochloric  acid.  If  the  acid  combined 
with  the  lime  is  of  a  nature  to  escape  in  this  operation  (e,g,,  carbonic 
acid),  or  to  admit  of  its  separation  by  evaporation  (e.^.,  silicic  acid), 
proceed,  after  the  removal  of  the  acid,  as  directed  in  a.  But  if  the  acid 
cannot  thus  be  readily  got  rid  of  (c.//.,  phosphoric  acid),  proceed  as  fol- 
lows: add  ammonia  until  a  precipitate  begins  to  form,  re-dissolve  this 
with  a  drop  of  hydrochloric  acid,  add  oxalate  of  ammonia  in  excess,  and 
finally  acetate  of  soda ;  allow  the  precipitate  to  subside,  and  proceed  for 
the  remainder  of  the  operation  as  directed  in  a.  In  this  process  the  firee 
hydrochloric  acid  present  combines  with  the  ammonia  and  soda  of  the 
oxalate  and  acetate,  liberating  a  corresponding  quantity  of  oxalic  acid  and 
acetic  acid,  in  which  acids  oxalate  of  lime  is  nearly  insoluble.  The 
method  yields  acciirate  results.  A  direct  experiment,  No.  72,  gave 
99-78  instead  of  100. 

c  ^y  Ignition, 

The  same  method  as  described  §  101,  2,  b  (baryta).  The  residue  re- 
maining upon  evaporation  with  carbonate  of  ammonia  (which  operation 
it  is  advisable  to  perform  twice)  must  be  ignited  very  gently.  The 
remarks  made  in  §  101,  2,  6,  in  reference  to  the  accuracy  of  the  results, 
apply  equally  here.  By  way  of  control,  the  carbonate  of  lime  may  be 
conyert^  into  the  caustic  state  or  into  sulphate  of  lime  (see  6,  a),  or  it 
may  be  determined  alkali  metrically  (§210). 

§104. 

4.  Magnesia. 
a.  Solution. 
"Mbbj  of  the  compounds  of  magnesia  are  soluble  iz.  water ;  those 

*  Ghem.  Gentralblatt,  1856,  316. 
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which  are  iimolable  in  that  menstmam  dinahre  in 
with  the  exception  of  some  silicates  and  almninalea. 

b.  DeUrminatum, 

3Iagnesia  is  weighed  (§74)  either  as  ndphate  (nrai 
as  pure  magwetia.     In  the  pure  state,  or  in  form  of 
determined  aLK>  bj  the  alkalimetric  method  desciibed 

We  may  convert  into 

1.   SCLPHATB  OP  MaGSBIA. 


1.1^ 


§310. 


a 
it  m^M 


a.  Directly, 

All  compounds  of  magnesia  with 
volatile  acids,  provided  no  other  non- 
volatile substance  be  present. 


6.  Indv^edly. 

All  compounds  of 
luble  in  water,  and  also  tha 
which,  inaoloble  in  tiiat  na* 
struum,  dissolve  in  bjdiodikni 
acid,  with  separation  of  tkdr 
acid  (provided  no  anuBflnual 
salts  be  present). 

2.   PVBOPHOSFHATE  OF  MaONESIA. 

All  compounds  of  magnesia  without  ezoeption* 

3.  Pure  Magnesia. 

a.  Salts  of  magnesia  with  oiganic  acids,  or  with  readify  Tolatils  i^ 
organic  oxygen  acids. 

h.  Chloride  of  magnesium,  and  the  compounds  of  magnesia  coanA 
ble  into  that  salt. 


The  direct  determination  as  sulphate  of  magnesia  is  highly 
mended  in  all  cases  where  it  is  applicable.  The  indirect  conversion  ibIo 
the  Hulphate  serves  only  in  the  case  of  certain  separations,  and  is  hardly 
ever  had  recourse  to  where  it  can  possibly  be  avoided.  The  detcf' 
niination  as  pyrophosphate  is  most  generally  resorted  to ;  especially  sIm 
in  the  separation  of  magnesia  from  other  bases.  The  method  based  oi 
the  conversion  of  chloride  of  magnesium  into  pure  magnesia  is  usually 
resorted  to  only  to  effect  the  separation  of  magnesia  from  the  fixed  sUes^ 
lies.  Comj)ounds  of  magnesia  with  phosphoric  acid  are  analyzed  tf 
§134  directs. 

1.  Determination  as  Sulphate  of  Ma^gnesui, 

Add  to  the  solution  excess  of  pure  dilute  sulphuric  acid,  evaponlait 
dryness,  in  a  weighed  platinum  dish,  on  the  water-bath ;  then  heat  il 
first  cautiously,  aftei-wards,  with  the  cover  on  more  strongly — here  it  ii 
advisable  to  [ilaco  the  lamf)  so  that  the  flame  may  play  obliquely  on  tilt 
cover  from  above — until  the  excess  of  sulphuric  acid  is  completalf 
expelled  ;  lastly,  ignite  gently  over  the  lamp  for  some  time  ;  allow  t9 
cool,  and  wei^h.  Should  no  fumes  of  hydrated  sulphuric  acid  eseipi 
upon  the  application  of  a  strongish  heat,  this  may  be  looked  upon  asa 
sure  sign  that  the  sulphuric  acid  has  not  been  added  in  sufficient  qua* 
tity,  in  which  case,  after  allowing  to  cool,  a  fresh  portion  of  sulpharit 
acid  is  added.  The  method  yields  very  accurate  results.  Care  must  ba 
taken  not  to  use  a  very  large  excess  of  sulphuric  acid.   The  residue  mitfk 
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be  exposed  to  a  moderate  red  heat  only,  and  weighed  rapidly.     For  th< 
px-<  iperties  of  the  residue,  see  §  74. 

2.  Determination  as  PyrophoapluUe  of  Magnesia, 

The  solution  of  the  salt  of  magnesia  is  mixed,  in  a  beaker,  with  chlo- 
ride of  ammoniiun,  and  ammonia  added  in  slight  excess.     Should  a  pre- 
cipitate  form  upon  .the  addition  of  ammonia,  this  may  be  considered  a 
sign  that  a  sufficient  amount  of  chloride  of  ammonium  has  not  been 
used ;  a  fresh  amount  of  that  salt  must  consequently  be  added,  sufficient 
to  effect  the  re-solution  of  the  precipitate  formed.     The  clear  fluid  is 
tlien  mixed  with  a  solution  of  phosphate  of  soda  in  excess,  and  the  mix- 
ture stirred,  taking  care  to  avoid  touching  the  sides  of  the  beaker  with 
t^e  stirring-rod  ;  otherwise  particles  of  the  precipitate  are  apt  to  adhere 
Bo  firmly  to  the  rubbed  parts  of  the  beaker,  that  it  will  be  found  difficult 
to  remoYO  them ;  the  beaker  is  then  covered,  and  allowed  to  stand  at 
rest  for  twelve  hours,  without  warming ;  after  that  time  the  fluid  is  Al- 
tered, and  the  precipitate  collected  on  the  Alter,  the  last  particles  of  it 
being  rinsed  out  of  the  glass  with  a  portion  of  the  Altrate,  with  the  aid 
of  a  feather;  when  the  fluid  has  completely  passed  through,  the  precipi- 
tate is  washed  with  a  mixture  of  3  pai-ts  of  water,  and  1  pai-t  of  solution 
of  ammonia  of  0*96  sp.  gr.,  the  operation  being  continued  until  a  few 
drops  of  ihe  fluid  passing  through  the  Alter  mixed  with  nitric  acid  and 
a  drop  of  nitrate  of  silver  show  only  a  very  slight  opalescence. 

The  precipitate  is  now  thoroughly  dried,  and  then  transferred  to  a 
platinum  crucible  (§  53)  ;  the  latter,  with  the  lid  on,  is  exposed  for  some 
wja«  to  a  very  gentle  heat,  which  is  finally  increased  to  intense  redness. 
The  filter,  as  clean  as  practicable,  is  incinerated  in  a  spiral  of  platinum 
*"«>  and  the  ash  transferred  to  the  crucible,  which  is  then  once  more 
exposed  to  a  red  heat,  allowed  to  cool,  and  weighed. 
Jor  the  properties  of  the  precipitate  and  residue,  see  §  74. 
This  me^od,  if  properly  executed,  yields  most  accurate  results.     The 
P^^ipitate  must  be  washed  completely,  but  not  over-washed,  and  the 
^"Jljij^  water  must  always  contain  the  requisite  quantity  of  ammonia. 
-JP^'^sct  experiments,  No.  73,  a  and  6,  gave  respectively  100*43  and 
^W-30  instead  of  100. 

^*  ^^eterminoHon  as  pv/re  Magnesia, 

*•  ^u  Salts  of  Magnesia  vnth  Organic  or  Volatile  Inorganic  Adds, 

ihe  Salt  of  magnesia  is  gently  heated  in  a  covered  platinum  crucible, 

creating  the  temperature  gradually,  until  no  more  fumes  escape ;  the 

tl?  r  *^®^  removed,  and  the  crucible  placed  in  an  oblique  position,  with 

.  ®  *id  leaning  against  it.     A  red  heat  is  now  applied,  until  the  residue 

l^^ectly  white.     For  the  properties  of  the  residue,  see  §  74.     The 

J^thcxl  gives  the  more  accurate  results  the  more  slowly  the  salt  is  heated 

.  JJI  ^he  beginning.     Some  loss  of  substance  is  usually  sustained,  owing 

*^aces  of  the  salt  being  carried  off*  with  the  empyreumatic  products. 

.   .    of  magnesia  with  readily  volatile  oxygen  acids   (carbonic  acid, 

J  'J^  acid),  may  be  transformed  into  magnesia  in  a  similar  way,  by  sim- 

f.  ^ition.    Even  sulphate  of  magnesia  loses  the  whole  of  its  suli)huric 

.  ^  ^hen  exposed,  in  a  platinum  crucible,  to  the  heat  of  the  gas  blow- 

/£^fiame  (Sonkenschein).     As  regards  small  quantities  of  sulphate  of 

^^^aia,  I  can  fully  confirm  this  statement. 
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b,   Convernan  of  Cidoride  of  Magnesium  into  pure  Jfagnetia,    See  J 
153,  4,  y. 


THIRD   GROUP   OF  THE   BJlSBS. 
ALUMINA — 8ESQUI0ZIDE  OF  CHROMIUM — (TITANIO  ACDO). 

§  106. 

1.  Alumina. 

a.  Solution, 

Those  of  the  compounds  of  alumina  which  are  insoluble  in  water, 
dissolve,  for  the  most  part,  in  hydrochloric  acid.  Native  crystallized 
alumina  (sapphire,  ruby,  corundum,  <Src.),  and  many  native  alumina  coid- 
pounds,  and  also  artificially  produced  alumina  after  intense  ignition, 
require  fusing  with  carbonate  of  soda,  caustic  potassa,  or  hydrate  of 
baryta,  as  a  preliminary  step  to  their  solution  in  hydrochloric  add. 
Many  alumina  compounds  which  resist  the  action  of  concentrated  hydn^ 
chloric  acid,  may  be  decomposed  by  protracted  heating  with  moderatelj 
concentrated  sulphuric  acid,  or  by  fusion  with  bisulphate  of  potusa; 
e,g,y  common  clay. 

h.  Deiennination, 

Alumina  is  invariably  weighed  in  the  pure  state  (8  75).  The  sevend 
compounds  of  alumina  are  converted  into  pure  alumina,  either  by  preci- 
pitation as  hydrate  of  alumina,  and  subsequent  ignition,  or  by  simple 
ignition.  Pi-ecipitation  as  basic  acetate  or  basic  formiate  is  resorted  to 
only  in  cases  of  separation. 

We  may  convert  into 

PURE  ALUMINA. 

a.  By  J^ecipitntion.  b,  By  Heating  or  Tgniiion, 

All  compounds  of  alumina  solu-  a.    All   salts  of    alumina    with 

ble  in  water,  and  those  which,  in-  readily  volatile  acids  (e.^.,  nitnte 

soluble    in   that    menstruum,    dis-  of  alumina). 

solve  in  hydrochloric  acid,  with  se-  13.  All  salts  of  alumina  with  «*■ 

paration  of  their  acid.  ganic  acids. 

With  regard  to  the  method  a,  it  must  be  remembered  that  the  solu- 
tion must  contain  no  organic  substances,  which  would  interfei-e  with  the 
precipitation — e.g.^  tartaric  acid,  sugar,  <fec.  Should  such  be  present,  the 
solution  must  be  mixed  with  carbonate  of  soda  and  nitrate  of  potasai) 
evaporated  to  dryness  in  a  platinum  dish,  the  residue  fused,  then  soft- 
ened with  water,  transferred  to  a  beaker,  digested  with  hydrochloric 
acid,  and  the  sohition  filtered,  and  then,  but  not  before,  precipitated. 

The  methods  6,  a  and  3,  are  applicable  only  in  cases  where  no  other 
fixed  substances  are  present.  The  mc^thods  of  estimating  alumina 
in  its  combimitions  with  phosphoric,  bonicic,  silicic,  and  chromic  acidi| 
will  be  found  in  Part  II.  of  tlus  Section,  under  the  heads  of  then 
several  acids. 
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DetermimUion  as  pwe  Alumina, 

a.  J^y  PrecipitcUion.      * 

Mix  the  moderately  dilute  hot  solution  of  alumina^  in  a  beaker  or 
dish,  with  a  tolerable  quantity  of  chloride  of  ammonium,  if  that  salt  i8 
not  already  present ;  add  ammonia  slightly  in  excess,  boil  gently  till 
the  steam  ceases  to  brown  tvirmeric  paper,  allow  to  settle  ;  then  decant 
the  clear  supernatant  fluid  on  to  a  filter,  taking  care  not  to  disturb  the 
precipitate  ;  pour  boiling  water  on  the  latter  in  the  beaker,  stir,  let  the 
precipitate  subside,  decant  again,  and  repeat  this  operation  of  washing 
by  decantation  a  second  and  a  third  time  ;  transfer  the  precipitate  now 
to  the  filter,  finish  the  washing  with  boiling  water,  dry  thoroughly, 
ignite  (§  52),  and  weigh.  The  heat  applied  should  be  very  gentle  at 
first,  and  the  crucible  kept  well  covered,  to  guard  against  the  risk  of  loss 
of  substance  from  spirting,  which  is  always  to  be  apprehended  if  the  pre- 
cipitate is  not  thoroughly  dry  ;  towards  the  end  of  the  process  the  heat 
should  be  raised  to  intense  redness.  In  the  case  of  sulphate  of  alumina 
the  foregoing  process  is  apt  to  leave  some  sulphuric  acid  in  the  precipi- 
tate, which,  of  course,  vitiates  the  result.  To  insure  the  removal  of 
this  sulphuiic  acid,  the  pi*ecipitate  should  be  exposed  for  5-10  min.  to 
the  heat  of  the  gas  blowpipe  flame.  If  there  are  difficulties  in  the  way, 
preventing  this  proceeding,  the  precipitate,  either  simply  washed  or  mo- 
derately ignited,  must  be  re-dissolved  in  hydrochloric  acid  (which  re- 
quires protracted  warming  with  strong  acid),  and  then  precipitated  again 
with  ammonia ;  or  the  sulphate  must  first  be  converted  into,  nitrate  by 
decomposing  it  with  nitrate  of  lead,  added  in  very  slight  excess,  the  ex- 
cess of  lead  removed  by  means  of  hydrosulphuric  acid,  and  the  further 
process  conducted  according  to  the  directions  of  a  or  6.  For  the  pro- 
perties of  hydrate  of  alumina  and  ignited  alumina,  see  §  75.  The 
method,  if  properly  executed,  gives  very  accurate  results.  But  if  a  con- 
siderable excess  of  ammonia  is  used,  more  particularly  in  the  absence  of 
ammoniacal  salts,  and  the  liquid  is  filtered  without  boiling  or  long 
standing  in  a  warm  place  to  remove  the  ammonia,  no  trifiing  loss  may 
be  incurred.  This  loss  is  the  greater,  the  more  dilute  the  solution,  and 
the  larger  the  excess  of  ammonia.  The  precipitate  cannot  well  be  suflici- 
ently  washed  on  the  filter  on  account  of  its  gelatinous  nature ;  on  the 
other  hand,  if  it  be  entirely  washed  by  decantation,  a  very  large  quan- 
tity of  wash-water  must  be  used,  hence  it  is  advisable  to  combine  the 
two  methods,  as  directed.* 

6.  By  Ignition, 

a.  Compownds  of  Alwmina  with  Volatile  Acids, 
Ignite  the  salt  (or  the  residue  of  the  evaporated  solution)  in  a  pla- 
tinum crucible,  gently  at  first,  then  gi-adually  to  the  very  highest  degree 
of  intensity,  until  the  weight  remains  constant.  For  the  properties  of 
the  residue,  see  §  75.  Its  purity  must  be  carefully  tested.  There  are 
DO  sources  of  error. 

*  (When  a  solution  of  alumina  in  hydrate  of  potasRa  or  hydrate  of  soda  is  boiled 
witli  excess  of  chloride  of  ammonium,  the  alumina  separates  completely  as  n 
hydrate  with  two  eq.  of  water,  which  may  be  washed  with  comparative  ease. 
In  certain  cases,  as  where  alumina  is  separated  from  sesquioxido  of  iron  Vv 
hydrate  of  soda,  this  fact  may  be  taken  adyantage  of.  LoWB,  Fres.  ZeitschrlLt. 
IV.  ;J55.J 
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j3.   Compounds  of  Alumina  vnth  Orgame  Adda^ 
The  same  method  as  described  §  104,  3,  a  (Magnesia). 

§106. 

2.  Sesquioxtde  of  Chbomium. 

a.  Solution. 

Many  of  the  compounds  of  sesquioxide  of  chrominm  are  solnble  la 
water.  Tlie  hyd rated  sesquioxide,  and  most  of  the  salts  insoluble  in 
water,  dissolve  in  hydrochloiic  acid.  Ignition  renders  sesquioxide  of 
chromium  and  many  of  its  salts  insoluble  in  acids ;  this  insoluble  modi- 
fication must  be*  prepared  for  solution  in  hydrochloric  acid,  by  hmog 
with  3  or  4  parts  of  potassa.  A  small  quantity  is  converted,  in  tbe 
process  of  fusing,  into  chromic  acid,  by  the  action  of  the  air ;  this  i% 
however,  reduced  again  to  sesquioxide  upon  heating  with  hjdrochlorie 
acid.  Addition  of  alcohol  greatly  promotes  the  reduction.  Instead  of 
this  fusing  with  potassa,  we  frequently  prefer  to  adopt  a  treatment, 
whereby  the  sesquioxide  is  at  once  oxidized  and  converted  into  an 
alkaline  chromate  (see  2).  For  the  solution  of  chromic  iron,  sea 
§160. 

6.  Determination. 

Sesquioxide  of  chromium  is  always,  when  directly  determined, 
weighed  in  the  pure  state.  It  is  brought  into  this  form  either  by  pre- 
cipitation as  hydrate  and  ignition,  or  by  simple  ignition.  It  may,  how- 
ever,  also  be  estimated,  by  conversion  into  chromic  acid,  and  detenni* 
nation  as  such. 

We  may  convert  into 

1.  Pure  Sesquioxide  of  Chrokiuic 

a.  I^y  Precipitation.  h.  Sy  Ignition* 

All   compounds   of  sesquioxide         a.  All   salts  of  sesquiozida  of 
of  chromium  soluble  in  water,  and     chromium   with    volatile    oxygoi 
also  those  which,  insoluble  in  that     acids,  provided  no  non-volatile  ml^ 
menstruum,  dissolve  in  hydrochlo-     stances  be  present, 
ric  acid,  with  separation  of   their         j3.  Salts  of  sesquioxide  of  dap* 
acid.      Provided   always   that   no     mium  with  organic  acida. 
organic  substances  (such  as  tartaric 
acid,  oxalic  acid,  <fec.)  which  inter- 
fere with  the  precipitation  be  pre- 
sent. 

2.  CnROMic  Ac:iD,  or,  more  correctly  speaking,  alkalikb  CHBOXAnL 

Sesquioxide  of  chromium  and  all  its  salts. 

The  methods  of  analyzing  the  combinations  of  the  sesquioxide  of 
chromium  with  chromic  acid,  i)hosphoric  acid,  boracic  acid,  and  silide 
acid,  will  bo  found  in  Part  II.  of  this  Section,  under  the  heads  of  the* 
several  acids. 

1.  Determination  as  Sesquioxide  of  Chromium. 

a.  By  Precipitation. 
The  solution,  which  must  not  be  too  highly  concentrated,  is  heated 
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to  100°  in  a  beaker.  Ammonia  is  then  added  slightly  In  excess,  and 
the  mixture  exposed  to  a  temperature  approachii^g  boiling,  until  the 
fluid  over  the  precipitate  is  perfectly  colorless,  presenting  no  longer  the 
least  shade  of  red ;  let  the  solid  particles  subside,  wash  three  times 
by  decantation,  and  lastly  on  the  filter,  with  hot  water,  dry  thoroughly, 
and  ignite  (§  52).  The  heat  in  the  latter  process  must  be  increased 
gradually,  and  the  crucible  kept  covered,  otherwise  some  loss  of  sub- 
stance is  likely  to  arise  from  spirting  upon  the  incandescence  of  the  ses- 
quioxide  of  chromium  which  marks  the  passing  of  the  soluble  into  the 
insoluble  modification.  For  the  properties  of  the  precipitate  and  resi- 
due, see  §  76.  This  method,  if  properly  executed,  gives  very  accurate 
resulta. 

h.  Sy  Ignition, 

a.   Salts  of  Seaquioxide  of  Chromium  with  Volatile  Adds, 
The  same  method  as  described,  §  105,  6,  a  (Alumina). 

h.   Salts  of  Sesquioxide  of  Chromium  with  Organic  Acids. 
The  same  method  as  described  §  104,  3,  a  (Magnesia). 

2.  Conversion  of  Sesquioxide  of  Chromium  into  Chromic  Acid. 
(For  the  estimation  of  chromic  acid,  see  §  130.) 

The  following  methods  have  been  proposed  with  this  view : — 

a.  The  solution  of  the  salt  of  sesquioxide  of  chromium  is  mixed 
with  solution  of  potassa  or  soda  in  excess,  until  the  hydrated  sesquioxide, 
which  forms  at  first,  is  redissolved.  Chlorine  gas  is  then  conducted 
into  the  cold  fluid  until  it  acquires  a  yellowish-red  tint;  it  is  then 
mixed  with  potassa  or  soda  in  excess,  and  the  mixture  evaporated  to 
dryness ;  the  residue  is  ignited  in  a  platinum  crucible.  The  whole  of 
the  chlorate  of  potassa  (or  soda)  formed  is  decomposed  by  this  process, 
and  the  residue  consists,  therefore,  now  of  an  alkaline  chromate  and 
chloride  of  potassium  (or  sodium). — (Vohl.) 

b.  Hydrate  of  potassa  is  heated  in  a  silver  crucible  to  calm  fusion ; 
the  heat  is  then  somewhat  moderated;  and  the  perfectly  dry  com- 
pound of  sesquioxide  of  chromium  projected  into  the  crucible.  When 
the  sesquioxide  of  chromium  is  thoroughly  moistened  with  iihe  potassa, 
small  lumps  of  fused  chlorate  of  potassa  are  added.  A  lively  efferve- 
icence  ensues,  from  the  escape  of  oxygen ;  at  the  same  time  the  mass 
acquires  a  more  and  more  yellow  color,  and  finally  becomes  elear  and 
tnmsparent.     Loss  of  substance  must  be  carefully  guarded  against  (H. 

SCHWARZ). 

c.  Dissolve  the  sesquioxide  of  chromium  in  solution  of  potassa  or 
aoda,  add  binoxide  of  lead  in  sufficient  excess,  and  warm.  The  yellow 
Quid  produced  contains  all  the  chromium  as  chromate  of  lead  in  alka- 
line solution.  Filter  from  the  excess  of  binoxide  of  lead,  add  to  the  filtrate 
Acetic  acid  to  acid  reaction,  and  determine  the  weight  of  the  precipi- 
btted  chromate  of  lead  (G.  Chancel  *). 

[d.  Render  the  solution  of  sesquioxide  of  chromium  nearly  neutral 
by  a  solution  of  carbonate  of  soda,  add  acetate  of  soda  in  excess,  heat; 
uid  add  chlorine  water,  or  pass  in  chlorine  gas,  keeping  the  solution 
nearly  neutral  by  occasional  addition  of  carbonate  of  soda.     The  oxida- 

*  Gomp.  rend.  43,  937. 
12 
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tion  proceeds  readily.     Boil  off  excess  of  chlorine^  when  the  chromic 
acid  may  be  precipitated  as  chromate  of  lead  or  chromate  of  haiyti 

(W.  GiBBS*).] 


§  107. 
Supplement  to  the  Tliird  Oroup, 

Titanic  Acid. 

Titanic  acid  is  always  weighed  in  the  pure  state ;  its  separation  if 
eflectcd  either  by  precipitation  with  an  alkali  or  by  boiling  its  dilate 
acid  solution.  In  precipiUUing  acid  solutions  of  titanic  acid  ammoiui 
is  employed ;  take  care  to  add  the  precipitating  agent  only  in  slight 
excess,  let  the  precipitate  formed,  which  resembles  hydrate  of  alumina, 
deposit,  wash,  first  by  decAntation,  then  completely  on  the  filter,  dnr, 
and  ignite  (§  52).  If  the  solution  contained  sulphuric  acid,  put  some 
carbonate  of  ammonia  into  the  crucible,  after  the  first  ignition,  to  se- 
cure the  removal  of  ever}'  remaining  trace  of  that  acid.  Lose  no  time 
in  weighing  the  ignited  titanic  acid,  as  it  is  slightly  hygroscopic  If  vb 
have  titanic  acid  dissolved  in  sulphuric  acid,  as  for  instance  ocean 
when  we  fuse  it  with  bisulphat(*  of  potassa  and  treat  the  mass  with 
cold  water,  we  may,  by  largely  diluting,  and  long  boiling,  with  renewil 
of  th(}  evapoi-ating  water,  fully  precipitate  the  titanic  acid.  Thai 
separated,  it  is  easy  to  wash.  In  the  process  of  igniting  the  dried  p^^ 
cipitate,  some  carbonate  of  ammonia  is  added.  From  dilute  hydro- 
chloric acid  solutions  of  titanic  acid,  the  latter  separates  completeh 
only  upon  evaporating  tlie  fluid  to  dryness;  and  if  the  precipitate  in 
that  case  were  washed  with  pure  water,  the  filtrate  would  be  milky; 
acid  must,  therefore,  be  added  to  the  water. 

Hydrate  of  titanic  acid  pi*ecipitated  in  the  cold,  washed  with  cold 
water,  and  dried  without  elevation  of  temperature,  is  completely  sola- 
ble  in  hydrochloric  acid  ;  otherwise  it  dissolves  only  incompletel?  in 
that  acid.  Titanic  acid  thrown  down  from  dilute  acid  sohitions  br 
boiling,  is  not  soluble  in  dilute  acids.  Ignited  titanic  acid  does  not  difr 
solve  oven  in  concentrated  hydrochloric  acid,  but  it  does  dissolTe  bvlwig 
heating  with  tolerably  concentrated  sulphuric  acid.  The  easiest  wiy 
of  efFecting  its  solution  is  to  fuse  it  for  some  time  with  bisulphateof 
potassa,  and  treat  the  fuse<l  mass  with  a  large  quantity  of  cold  watet 
Upon  fusing  witli  carbonate  of  soda,  titanate  of  soda  is  formed,  whid^ 
when  treated  with  wat<^r,  leaves  acid  titanate  of  soda,  which  is  aolubte 
in  hydrochloric  acid.  Titanic  acid  (Ti  O^  consists  of  60*98  per  cent  of 
titanium,  and  39*02  per  cent,  of  oxygen. 

FOURTH  GROUP   OF   THE   BASES. 

Oxide  of  Zinc — Protoxide  of  Manganese — Protoxide  of  NicbBt- 
pROTOxiDE  OP  Cobalt — Protoxide  of  Iron — Sesquioxidb  of  Ibov^ 
(Sesquioxide  OF  Uranium). 


•  [Am.  Joum.  Sci.  2  Ser.  89,  68.] 
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§  108. 

1.  Oxide  of  Zinc. 

a.  Solution, 

Miuiy  of  the  salts  of  zinc  are  soluble  in  water.  Metallic  zinc,  oxide  of 
zinc,  and  the  salts,  which  are  insoluble  in  water,  dissolve  in  hydrochloric 
acid.  To  dissolve  sulphide  of  zinc  it  is  best  to  employ  nitric  acid  or  aqua 
regia. 

b.  Determination, 

Zinc  is  weighed  either  as  oxide  or  as  sulphide  (§77).  The  conversion 
of  the  salts  of  zinc  into  the  oxide  is  effected  either  by  precipitation  as 
basic  carbonate  or  sulphide  of  zinc,  or  by  direct  ignition.  Besides  these 
gravimetric  methods,  several  volumetiic  methods  are  in  use. 

We  may  convert  into 

1.  Oxide  of  Zinc. 

a.  2?y  JPrecipiiation  as  Carbonate  b.  By  Precipitation  as  Sulphide 
of  Zinc,  of  Zinc, 

All  the  salts  of  zinc  which  are         All  compounds  of  zinc  without 
soluble  in  water,  and  all  those  with     exception, 
organic   volatile  acids ;    also   those 
salts    of    zinc  which,   insoluble    in 
water,  dissolve  in  hydrochloric  acid, 
with  separation  of  tlieir  acid. 

e,  Sy  direct  Ignition, 

Salts  of  zinc  with  volatile  inorganic  oxygen  acids. 

2.  Sulphide  of  Zinc. 

All  compounds  of  zinc  without  exception. 

The  method  1,  c,  is  to  be  recommended  only,  as  regards  the  more  fre- 
quently occurring  compounds  of  zinc,  for  the  carbonate  and  the  nitrate. 
The  methods  1,  6,  or  2,  are  usually  only  resorted  to  in  cases  where  1,  o, 
is  inadmissible.      They  serve  more  especially  to  separate  oxide  of  zinc 
from  other  bases.     Salts  of  zinc  with  organic  acids  cannot  be  converted 
into  the  oxide  by  ignition,  since  this  process  would  cause  the  reduction 
and  volatilization  of  a  small  portion  of  the  metal.    If  the  acids  are  volatile, 
the  zinc  may  be  determined  at  once,  according  to  method  1,  a :  if,  on  the 
contrary,  the  acids  are  non-volatile,  the  zinc  is  best  precipitated  as  sul- 
phide.    For  the  analysis  of  chromate,  phosphate,  borate,  and  silicate  of 
sine,  look  to  the  several  acids.     The  volumetric  methods  are  chiefly  em- 
ployed for  tedinical  purposes ;  see  Special  Part. 

1.  Detemwnation  as  Oxide  of  Zinc, 

a.  By  Pirecipitation  as  Carbonate  of  Zinc, 

Heat  the  moderately  dilute  solution  nearly  to  .boiling  in  a  capacious 
vessel,  best  in  a  platinum  dish  ;  add,  drop  by  drop,  carbonate  of  soda  in 
excess ;  boil  a  few  minutes ;  allow  to  subside,  decant  through  a  filter,  and 
boil  the  precipitate  three  times  with  water,  decanting  each  time ;  tlicn 
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transfer  the  precipitate  to  the  filter,  wash  coin])1etely  with  bot  water,  diy, 
and  igiiitu  as  directed  ^  53,  taking  care  to  have  the  filter  as  clean  as  prac- 
ticable, before  proceeding  to  incinerate  it.  Should  the  solution  coutaia 
ammoniacal  salts,  the  ebullition  must  be  continued  until,  upon  a  fresh  addi- 
tion of  the  carbonate  of  soda,  the  escaping  vapor  no  longer  imparts  a  brown 
tint  to  tunneric  paper.  If  the  quantity  of  ammoniacal  salts  present  is  con- 
siderable, the  fluid  must  be  evaporated  boiling  to  dryness.  It  is,  therefore, 
in  such  cases  more  convenient  to  precipitate  the  zinc  as  sulphide  (see  h). 

Tlie  presence  of  a  great  excess  of  acid  in  the  solution  of  zino  must  be  ai 
much  as  possible  guarded  against,  that  the  effervescence  from  the  escaping 
carbonic  acid  giis  may  not  be  too  impetuous.  The  filtrate  must  always  be 
tested  with  sulphide  (with  addition  of  chloride)  of  ammonium  to  ascertain 
whether  the  whole  of  the  zinc  has  been  precipitated ;  a  dight  precipitate 
will  indeed  in  variably  form  upon  the  application  of  this  test ;  but,  if  the 
process  has  been  properly  conducted,  this  is  so  insignificant  that  it  may  be 
altogether  disregarded,  being  limited  to  some  exceedingly  slight  and  im- 
pondtn*ablo  flakes,  which  moreover  make  their  appearance  only  after  manj 
hours^  standing.  If  the  precipitate  Ls  more  considerable,  however,  it  must 
be  treated  as  directed  in  6,  and  the  weight  of  the  oxide  of  adnc  obtained 
added  to  that  resulting  from  the  first  process.  For  the  properties  of  the 
precipitate  and  residue,  see  §  77.  This  method  yields  pretty  acconte 
results,  though  they  are  in  most  cases  a  little  too  low,  as  the  precipitation 
is  nev(*r  ahttolntely  complete,  and  as  particles  of  the  precipitate  will  alwayi 
and  unavoidably  adhere  to  the  filter,  wliich  exposes  them  to  the  chance  of 
reduction  and  volatilization  during  the  process  of  ignition.  On  the  other 
hand,  tho  results  are  sometimes  too  high ;  this  is  owing  to  defective  washing 
as  may  ho  seen  from  the  alkaline  reaction  which  the  residue  manifests  insack 
cases.  It  is  advisivble  also  to  ascertain  whether  the  residue  will  dissolve  in 
hydrochloric  acid  without  leaving  silicic  acid  ;  this  latter  precaution  is  in- 
dLspeiisiible  in  cases  where  the  precipitation  has  been  effected  in  aglass  vessel 

I  It  LS  often  better,  especially  in  presence  of  ammonia  salts,  to  heat  the 
dry  zinc  salt  with  excess  of  carboiiato  of  soda  in  a  platinum  dish  cao- 
tiously  to  near  redness,  then  ti*cat  with  hot  water  and  wash  as  directed.] 

b.  By  Prccljntatwn  as  jSulphide  of  Zinc, 

Mix  the  solution,  contained  in  a  not  too  large  flask  and  suffidentlr 
diluttul,  with  chloride  of  ammonium,  then  add  ammonia,  till  the  resctioD 
is  just  alkaline,  and  then  colorless  or  slightly  yellow  sulphide  of  ammo- 
nium in  moderate  excess.  If  the  flask  is  not  now  quite  full  up  to  the  neck, 
mak(»  it  so  with  water,  cork,  allow  to  stiind  12  to  24  hours  in  a  waim 
place,  wash  the  j>n*cipitut^,  if  considerable,  first  by  decantation,  then  on 
th(^  filter  with  wat-er  containing  sulphide  of  ammonium  and  also  leseand 
less  clilorith;  of  ammonium  (finally  none).  In  decanting  do  not  pour  the 
iluid  thnMi>;Ii  tli'^  filti^r,  but  at  once  into  a  flask.  After  thrice  decantii^ 
filtrr  til"  (hiid  tliatwas  ])()un>d  ofl*,  and  then  transfer  the  precipitate  to  thi 
liIt(M\  (inisliiiirr  t  Im-  wjishiui^  as  directed.  The  funnel  is  kept  covered  with 
a  i^lass  pisit*'.  If  tlu^  zinc  is  not  to  be  determined  according  to  2,  thii 
])ut  tlu'  ninJMt  filter  with  the  precipitate  in  a  beaker,  and  pour  over  it 
modcnitiMy  dihifp  liydnx^hloric  acid  slightly  in  excess.  Put  thegbtf 
now  in  a  wnnn  plufo,  until  the  solution  smells  no  longer  of  sulphuretteA 
hydrogen  ;  d i In t.i*  t1i<'  fluid  with  a  little  water,  filter,  wash  the  origiBll 
filtfT  with  hot  water,  and  proceed  with  the  solution  of  chloride  of  ^~' 
obtained  as  dirocUjid  in  a. 


§108.] 
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From  a  solution  of  acetate  of  zmc  the  metal  may  be  precipitated  com* 
plet«ly,  or  nearly  so,  with  sulphuretted  hydrogen  gas,  even  in  presence  of 
an  excess  of  acetic  acid,  provided  always  no  other  acid  be  present  (Expt. 
No.  74).  The  precipitated  sulphiJe  of  zinc  is  washed  with  water  impreg- 
nated with  sulphuretted  hydrogen,  and,  for  the  rest,  treated  exactly  like 
the  sulphide  of  zinc  obtained  byprecipitation  with  sulphide  of  ammonium. 
Small  quantities  of  sulphide  of  zinc  may  also  be  converted  directly  in- 
to the  oxide,  by  heating  in  an  open  platinum  crucible,  to  gentle  radnesi 
at  first,  then,  after  some  time,  to  most  intense  redness, 
c.  Sy  direct  Jgnilum. 

The  salt  is  exposed,  in  a  coTered  platinum  crucible,  first  to  a  gentle 
heat,  finally  to  a  most  intense  heat,  until  the  weight  of  the  residue 
remains  constant.     The  action  of  reducing  gases  is  to  be  avoided. 
2.  I>eterminal\on  at  Suipkide  of  Zinc. 

The  precipitated  sulphide  of  dnc,  obtained  aa  in  1,  &,  may  be  igmt«d 
in  hydrogeu  and  weighed.  H.  Boss,*  who  has  lately  recommended 
the  process,  employs  ^e  following  apparatus. 


Tig.  a. 

a  contuna  concentrated  sulphuric  acid,  b,  chloride  of  calcinm.  The 
|>orcelain  crucible  has  a  {>erfarated  porcelain  or  platinum  cover,  into  the 
opening  of  which  fits  the  porcelain  or  platinum  tube,  d.  The  latter  is 
provided  with  an  annular  projection  which  rests  on  the  cover,  the  tube 
Staelf  extends  some  distance  into  the  crucible.  When  the  sulphide  of 
xiuo  has  dried  in  the  filter,  it  is  transferred  to  the  weighed  porcelain 
Ul  ucible,  the  filter  ashes  added,  powdered  sulphur  is  apmiided  over  the 
•eontenU  of  the  amcible,  the  cover  is  placed  on,  and  hydrogen  is  passed  in 
»  moderate  stream,  a  gentle  heat  is  applied  at  first,  which  is  alter> 
Vkrda  raised  for  five  minutes  to  intense  redness ;  finally  the  crucible  ia 

•  Fogg.  AsaL  no,  138. 
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allowed  to  cool  with  continued  transmi&sion  of  the  gas,  and  the  sulphide 
of  zinc  is  w^eighed. 

[Instead  of  the  porcelain  tube  and  i>ci*foi*ated  cover,  a  common 
tobacco-pipe  may  be  employed,  the  bowl  of  the  latter  being  inverted 
over  or  within  a  porcelain  crucible.  Sulphuretted  hydrogen  may  be 
advantageously  substituted  for  hydrogen.] 

Oesten's  experiments,  which  were  adduced  by  Rose  in  support  of  the 
accuracy  of  this  method,  wero  highly  satisfactory. 

Sulphate,  carbonate,  and  oxide  of  zinc  may  be  converted  into  siilphids 
in  the  manner  just  described.  They  must,  however,  be  mixed  with  aa 
excess  of  powdered  sulphur,  otherwise  you  will  lose  some  zinc  from  the 
reducing  action  of  the  hydrogen  (H.  Rose). 

§109. 

2.  Protoxide  of  Manganese. 

a.  Solution, 

Many  of  the  salts  of  protoxide  of  manganese  are  soluble  in  water.  The 
pure  protoxide,  and  those  of  its  salts  which  are  insoluble  in  that  men- 
struum, dissolve  in  hydrochloric  acid,  which  dissolves  also  the  higher 
oxides  of  manganese.  The  solution  of  the  higher  oxides  is  attended  with 
evolution  of  chlorine— equivalent  in  quantity  to  the  amount  of  oxygen 
which  the  oxide  under  examination  contains,  more  than  the  protoxidB 
of  manganese — and  the  fluid,  after  application  of  heat^  is  found  to  ooih 
tain  protochloride  of  manganese. 

b.  Determination, 

Manganese  is  weighed  either  as  protosesquicxifle^  as  mdphide^  or  ai 
pyrophosphate  (§  78.)  Into  the  form  of  protosesquioxide  it  is  coo- 
vei-ted  either  by  precipitation  as  carbonate  of  protoxide,  or  as  hydrated 
protoxide,  sometimes  preceded  by  precipitation  as  sulphide  of  mangi- 
nese,  or  as  binoxide  of  manganese ;  or,  finally,  by  direct  ignitioo. 
[When  estimated  as  pyrophosphate  it  is  precipitiited  as  auimonio-phoi- 
phate.] 

Manganese  may  be  determined  volumetrically  in  two  different  win, 
one  being  applicable  to  any  solution  of  protoxide  of  manganese,  proTided 
it  be  free  from  any  other  substance  which  exerts  a  I'educing  action  oo 
alkaline  solution  of  ferricyanide  of  potassium,  the  other  being  only  admis- 
sible, when  we  have  manganese  in  the  condition  of  a  perfectly  definits 
higher  oxide,  and  free  from  other  bodies,  which  evolve  chlorine  on  boil- 
ing with  hydrochloric  acid. 

We  may  convert  into 

1.  Protosesquioxide  of  Manganese. 

a.  By  Precipitation  aa    Carho-         h.  By  Precipitation  as  HyM^ 
nate  of  Protoxide  of  Manganese,       ed  Protoxide  of  Manganese, 

All  the  soluble  salts  of  manga-         All  the  compounds  of  manganea^ 
ii(3se  with  inorganic  acids,  and  all  its     with  the    exception  of    its   aaUi 
salts  with  volatile   organic   acids  ;     with  non-volatile  oi^ganic  acidB. 
also  those  of  its  salts  which,  insoluble 
in  wat(»r,  dissolve  in  hydroohloiic 
acid  with  separation  of  their  acid. 
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c.  JBy  Precipitation  cut  StUphide         d.  By  Separation  as   BinoociJe 
of  Manganese,  of  Manganese, 

All    compounds   of    manganese         All  compounds  of  manganese  in 
without  exception.  a  slightly  acid  solution,  especially 

acetate  and  nitrate  of  protoxide  o^ 
manganese. 

e.  By  dired  Ignition. 

All  oxygen  compounds  of  man- 
ganese ;  salts  of  manganese  with 
readily  volatile  acids,  and  with  or- 
ganic acids. 

2.  Sulphide  of  Manganese. 
All  compounds  of  manganese  without  exception. 

3.  Pyrophosphate  of  Manganese. 
All  the  oxides  and  many  of  the  salts  of  manganese. 

The  method  1,  6,  is  simple  and  accurate,  but  seldom  admissible.  The 
method  1,  a,  is  the  most  usually  employed ;  if  one's  choice  is  free,  it  is 
to  be  preferred  to  1,  6.  The  methods  1,  c,  and  2,  are  generally  used, 
when  the  methods  1,  a,  or  6,  cannot  be  adopted — say  on  account  of  the 
presence  of  a  non-volatile  organic  substance,  and  also  when  we  have  to 
separate  manganese  from  other  metals.  The  latter  object  may  be  at- 
tained also  by  the  method  1,  d.  The  process  3,  is  very  convenient  and 
accurate  in  absence  of  alkaline  earth  and  heavy  metals.  The  phosphate 
and  borate  of  manganese  are  treated,  either  according  to  the  method 
1,  6,  as  the  salts  precipitated  from  acid  solution  by  potassa  are  com- 
pletely decomposed  upon  boiling  with  excess  of  potassa,  or  according 
to  the  method  2.  In  silicates  the  manganese  is  determined  after  the 
separation  of  the  silicic  acid  (§  140),  according  to  1,  a,  or  3;  for  the 
analysis  of  chromate  of  protoxide  of  manganese,  see  §  130  (chromic 
acid).  The  volumetric  method  by  reduction  of  ferricyanide  of  potas- 
siom  is  comparatively  new,  and  especially  suited  for  technical  work, 
in  which  the  highest  degree  of  accuracy  is  not  required.  The  estima- 
tion of  manganese  from  the  quantity  of  chlorine  disengaged  upon  boil- 
ing the  oxides  with  hydrochloric  acid,  is  resorted  to,  more  particu- 
larly, to  determine  the  degrees  of  oxidation  of  manganese,  and  permits 
also  the  estimation  of  manganese  in  presence  of  other  metals  (see  Sec- 
tion V). 

1.  Determination  as  Protosesquioxide  of  Manganese, 

a.  By  Precipitation  as  Carbonate  of  Protoxide  of  Manganese. 

The  precipitation  and  washing  are  effected  in  exactly  the  same  way 
as  directed  §  108,  1,  a  (determination  of  zinc  as  oxide,  by  precipita- 
tion as  carbonate).  If  the  filtrate  is  not  absolutely  clear,  staiid  it  in  a 
warm  place  for  twelve  to  twenty-four  hours.  A  slight  precipitate  will 
then  separate,  which  is  collected  on  another  small  filter.  The  precipi- 
tate is  dried,  and  then  ignited  as  directed  §  53.  The  lid  is  removed 
from  the  crucible,  and  a  strong  heat  maintained  until  the  weight  of  the 
residue  remains  constant.     Care  must  be  taken  to  prevent  reducing 
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gasei  finding  their  way  into  the  crucible.  For  the  properties  of  the 
precipitate  and  residue,  see  §  78.  This  method,  if  properly  executeti, 
gives  accurate  results.  The  principal  point  is  to  continue  the  applica- 
tiou  of  a  sufficiently  intense  heat  long  enough  to  effect  the  object  in 
view.  It  is  necessary  also  to  ascertain  whether  the  residue  has  not  an 
alkaline  reaction,  and  having  removed  it  from  the  platinum  crucible, 
whether  it  dissolves  in  hydi-ochloric  acid  without  leaving  silica. 

b.  By  Precipitatwn  as  Hydrated  ProtoMLe  of  Manganese, 

The  solution  should  not  bo  too  concentrate,  and  it  is  best  to  have  it 
in  a  platinum  dish.  Precipitate  with  solution  of  pure  soda  or  potassi, 
and  proceed  in  all  other  respects  as  in  a. 

If  phosphoric  acid  is  present,  or  boracic  acid,  the  fluid  must  be  kept 
boiling  for  some  time  with  an  excess  of  alkali.  For  the  properties  of  the 
precipitate,  see  §  78. 

c.  By  Precipitation  as  Sidphid^  of  Manganese, 

The  solution  contained  in  a  compai*atively  small  flask  and  not  too  di- 
lute is  first  mixed  with  chloride  of  ammonium  (if  an  ammonia  salt  is  not 
already  present  in  sufficient  quantity),  then — ^if  the  fluid  is  acid — with 
ammonia,  till  it  reacts  neutral  or  very  slightly  alkaline ;  now  add  yellow 
sulphide  of  ammonium  in  moderate  excess,  if  the  flask  is  not  alreadj 
quite  full  up  to  the  neck,  add  water  till  it  is,  cork,  stand  it  in  a  warm 
place  for  at  least  twenty-four  hours,  wash  the  precipitate  if  at  all  consi- 
derable, first  by  decantation,  then  on  the  filter,  using  water  containing 
sulphide  of  ammonium,  and  also  gradually  dimini^ed  quantities  of 
chloride  of  ammonium  (finally  none).  In  decanting,  pour  tlie  fluid  in 
a  flask,  not  on  the  filter.  After  decanting  three  times,  filter  the  fluidi 
that  have  been  poured  off,  transfer  the  precipitate  to  the  filter,  aud  finish 
the  washing  as  above  directed,  without  interruption.  Keep  the  funnel 
covered  with  a  glass  plate.  If  you  do  not  prefer  to  determine  according 
to  2,  proceed  as  follows : — Put  the  moist  filter  with  the  precipitate  into 
a  beaker,  add  hydrochloric  acid,  and  warm  until  the  mixture  smells  no 
longer  of  sul{>liu retted  hydrogen  ;  filter,  wash  the  residuary  paper  care- 
fully, and  precipitate  the  filtrate  as  directed  in  a.  The  results  are  satis- 
factoiy,  compare  §  78,  «. 

d.  By  Separation  as  Binoxide  of  Manganese, 

Heat  the  solution  of  the  acetate  of  protoxide  of  manganese  or  some 
other  conipoimd  of  the  protoxide  containing  but  little  free  acid,  after 
addition  of  a  sufficient  quantity  of  acetjite  of  soda,  to  from  60^  to  60^, 
and  transmit  chlorine  gas  through  the  fluid.  The  whole  of  the  man- 
ganese present  falls  down  as  binoxide  (ScniEL, — RivoT,  Beudant,  and 
Daguin).  Wash,  first  by  decantation,  then  ii{)on  the  filter ;  dry,  tnUM* 
fer  the  precipitate  to  a  flask,  add  the  filter  ash,  heat  with  hydrochlorie 
acid,  filter,  and  precipitate  as  directed  in  a.  If  the  acetate  of  soda  u 
deficient,  and  especially  if  hydrochloric  acid  is  present,  it  may  happen 
that  the  precipitation  of  the  manganese  by  chlorine  is  not  quite  com- 
plete ;  it  is  thei-efore  well,  after  filtering  ofl*  the  i>eroxide,  to  treat  the 
filtrate  with  more  acetate  of  soda,  and  again  pass  chlorine.  The  aepar 
ration  of  manganese  as  binoxide,  by  evaporating;  its  solution  in  nitric 
acid  to  dryness,  and  heating  the  residue,  finally  to  155°,  is  given  in 
Section  V. 
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[Bromine  may  bo  most  advantageously  substituted  for  chlorine  gas. 
When  the  quantity  of  binoxide  is  small  it  may  be  directly  converted  into 
protosesquioxide  by  intense  ignition,  as  it  retains  but  one  or  two  jmji 
oent.  of  alkalL     It  may  also  be  estimated  as  pyrophosphate,  §  109,  3. 

e,  Hy  direct  Ignition, 

The  manganese  compound  under  examination  is  introduced  into  a  pla- 
iinum  crucible,  which  is  kept  closely  covered  at  first,  and  exposed  to  a 
gentle  heat ;  after  a  time  the  lid  is  taken  off,  and  replaced  loosely  on  the 
crucible,  and  the  heat  is  increased  to  the  highest  degi-ee  of  intensity, 
with  careful  exclusion  of  reducing  gases ;  the  process  is  continued  until 
the  weight  of  the  residue  remains  constant.  The  •  conversion  of  the 
higher  oxides  of  manganese  into  protosesquioxide  of  manganese  re- 
quires more  protracted  and  intense  heating  than  the  conversion  of  the 
protoxide.  In  fisust,  it  can  hardly  be  effected  without  the  use  of  a  gas 
blowpipe.  In  the  case  of  salts  of  manganese  with  organic  acids,  care 
must  always  be  taken  to  ascertain  whether  the  whole  of  the  carbon  has 
been  consumed ;  and  should  the  contrary  turn  out  to  be  the  case,  the 
residue  must  eitiber  be  dissolved  in  hydrochloric  acid,  and  the  solution 
precipitated  as  directed  in  a,  or  3  or  it  must  be  repeatedly  evaporated 
with  nitric  acid,  until  the  whole  of  the  carbon  is  oxidized.  The  method, 
if  properly  executed,  gives  accurate  results.  On  the  other  hand,  if  the 
directions  are  not  carefully  attended  to,  one  must  not  be  surprised  at 
considerable  differences.  In  the  ignition  of  salts  of  manganese  with 
organio  acids,  minute  particles  of  the  salt  are  generally  carried  away 
with  the  empyreumatic  products  evolved  in  the  process,  which,  of  course, 
tends  to  reduce  the  weight  a  Kttle. 

2.  DeterminaUan  as  Sulphide  of  Mamganeee, 

The  sulphide  precipitated  as  in  1,  c,  may  be  determined  in  this  form, 
as  follows:  Dry,  transfer  the  precipitate  to  a  crucible,  bum  the  filter, 
add  the  ashes,  strew  some  sulphur  on  the  top,  ignite  strongly  in  hydro- 
gen (till  it  becomes  black)  and  weigh  as  anhydrous  sulphide  of  man- 
ganese (H.  Rose  *),  compare  the  analogous  process  for  zinc,  §  108,  2. 

Tlie  results  obtained  by  Oesten,  and  cited  by  Hose,  are  perfectly  sat- 
isfactory. 

This  method  is  shorter  and  more  convenient  than  dissolving  the  moist 
sulphide  in  hydrochloric  acid,  and  precipitating  with  carbonate  of  soda. 

The  protosulphate  and  all  the  oxides  of  manganese  may  be  sub- 
jected to  this  process  with  the  same  result. 

[3.  Determination  as  Pyrophosphate  of  Mangam^ae, 

To  the  solution  of  manganese,  which  may  contain  salts  of  ammonia  or 
alkalies,  phosphate  of  soda  is  added  in  large  excess  above  what  is  needful 
to  convert  the  manganese  into  phosphate.  The  white  precipitate  is  then 
redissolved  in  sulphuric  or  chlorhydiic  acid,  the  liquid  is  heated  to 
boiling,  best  in  a  platinum  dish,  and  ammonia  added  in  excess.  The 
boiling  is  continued  10—15  minutes,  whei*eby  the  white,  semi-gelatinous 
precipitate  first  formed  is  converted  into  rose-colored,  pearly  scales.  Ihe 
whole  is  kept  hot  for  an  hour  longer,  then  filtered  and  washed  with  hot 
water  containing  a  little  anmionia.     The  precipitate  of  ammonio-phos^ 


•  Pogg.  Anal.  110,  122. 
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pliate  of  inanganose  is  dried,  separated  from  the  filter,  and  Gonveiiod 
by  ignition  into  pyrophosphate*  Results  accurate,  see  §  78  (Gibbs* 
Henry  f ).] 

4.  Volumetric  determination  by  the  Reduction  of  JFerrict/anide  of 
Potassium  (E.  Lenssen  J). 

The  method  is  grounded  on  the  fact  that  if  a  solution  of  protoxide  of 
manganese  which  contains  1  eq.  FeaO,  to  1  eq.  MnO,  is  acted  on  by  ei 
cess  of  alkaline  solution  of  ferricyanide  of  potassium  at  a  boiling  tern- 
pei-aturc,  all  the  manganese  is  precipitated  as  binoxide,  while  a  corre- 
sponding quantity  of  ferrocyanide  of  potassium  is  formed.  By  dele^ 
mining  the  latter,  the  amount  of  manganese  present  is  obtained. 

K,  Cfy,+2  KO-fMnO,S03=2  K,  Cfy  f  KO,SO,-fMnO^ 

Accordingly  1  eq.  manganese  gives  rise  to  2  eq.  ferrocyanide  of  potas- 
sium. Of  course  all  other  reducing  substances  must  be  absent,  and  the 
manganese  must  be  prv38ent  entirely  in  the  form  of  proto-salt.  If  the 
solution  contains  no  sesquioxide  of  iron,  the  precipitate  is  a  oombiuation 
of  much  biuoxide,  with  little  protoxide,  not  always  in  the  same  prop<x^ 
tions.  In  i)erfomiing  the  process,  mix  first  with  the  acid  solution  of 
protoxide  of  manganese  so  mu(;h  sesquicliloride  of  iron  that  you  may  be 
sure  of  having  at  least  1  eq.  Fc^On  to  1  eq.  MnO,  and  add  the  mixture 
gradually  to  a  boiling  solution  of  feriicyanide  of  potassium,  previonslj 
rendered  strongly  alkaline  with  potassa  or  soda.  After  boiling  togetlier 
a  short  time  the  brownish-black  precipitate  becomes  granular  aud  less 
bulky.  Allow  to  cool  completely,  filter  ofi*  and  wash  the  precipitate, 
acidify  the  filti*ate  with  hydrochloric  acid,  and  estimate  the  ferrocyanide 
of  [>otassium  with  permanganate,  according  to  §  147,  II.,  g,  a.  If  the 
liquid  is  filtered  hot,  the  results  ai*e  too  high,  as  the  filter  in  this  case 
has  a  reducing  action.  The  method  may  be  shorteneil,  as  follows :  Afier 
boiling,  transfer  the  solution,  together  with  the  precipitate,  to  a  mea80^ 
ing  flask,  allow  to  cool,  fill  up  to  the  mark  with  water,  shake,  and  allow 
to  settle.  Filter  through  a  dry  filter,  take  out  a  certain  quantity  with* 
pipette,  and  determine  the  ferrocyanide  in  this.  A  slight  source  of  error 
is  here  introduced  by  disregarding  the  volume  of  the  precipitate.  The 
results  adduced  by  Lenssen  are  very  satisfactory.  I  have  myself  repeat- 
edly tested  this  method,  and  I  have  to  remark  as  follows : — 

a.  If  ferricyanide  of  ])ot:issium  is  long  boiled  with  pure  potassa,  a  smiU 
quantity  of  ferrocyanide  is  invariably  produced. 

h.  The  potassa  must  be  quite  free  from  organic  substances,  and  should 
therefore,  if  there  is  any  doubt  on  this  point,  be  fused  in  a  silver  dish 
before  use,  otherwise  the  error  alluded  to  in  a  may  be  considerably  in- 
creased. 

c.  The  complete  washing  of  the  voluminous  precipitate  is  attended 
with  so  much  difficulty  and  loss  of  time  as  to  render  the  method  more 
troublesome  than  a  gravimetric  analysis. 

d.  The  abridged  method,  on  the  other  hand,  may  be  of  great  servioe 
in  certain  cases,  especially  when  a  series  of  manganese  determinatioDf 
have  to  be  made,  the  manganese  not  being  in  too  minute  quantities,  and 
the  highest  degree  of  accuracy  not  being  i-equireil.  In  my  laboratoiy, 
by  employing  a  slight  excess  of  sesquioxide  of  iron,  97*9 — 100*12-— 

*  Am.  Jour.  Sci.  2d  Ser.  44.  p.  216.       +  Am.  Jour.  Sci.  2d  Ser.,  47,  p.  180l 
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98-21— 98-99,  and  100-4  were  obtained,  instead  of  100.    The  inaccniucy 
increases  on  using  a  large  excess  of  the  iron.* 

5.  Volumetric  determination  hy  boiling  tlie  higher  oxides  with  hydro- 
chloric  acidy  and  estimating  the  cidorine  evolved. 

The  methods  here  employied  will  be  found  all  together  in  the  Special 
Part  under  ^'  Valuation  of  Manganese  Oi-es." 

§  110. 
3.  Protoxide  op  Nickel. 

a.  Solution, 

Many  of  the  salts  of  protoxide  of  nickel  are  soluble  in  water.  Those 
which  are  insoluble,  as  also  the  pure  protoxide,  in  its  common  modifica- 
cation,  dissolve,  without  exception,  in  hydrochloric  acid.  The  peculiai* 
modification  of  protoxide  of  nickel,  discovered  by  Genth,  which  crystal- 
lizes in  octahedra,  does  not  dissolve  in  acids,  but  is  rendered  soluble  by 
fusion  with  bisulphate  of  potassa.  Metallic  nickel  dissolves  slowly,  with 
evolution  of  hydrogen  gas,  when  warmed  with  dilute  hydrochloric  or 
sulphuric  acid  ;  in  nitric  acid,  it  dissolves  with  great  readiness.  Sul- 
phide of  nickel  is  but  sparingly  soluble  in  hydrochloric  acid,  but  it  dis- 
solves readily  in  nitrohydrochloric  acid.  Peroxide  of  nickel  dissolves 
in  hydrochloric  acid,  upon  the  application  of  heat,  to  protochloride,  with 
evolution  of  chlorine. 

6.  Determination. 

Protoxide  of  nickel  is  always  weighed  as  such  (§  79).  The  compounds 
of  nickel  are  converted  into  the  pure  protoxide,  usually  by  precipitation 
as  hydrated  protoxide,  preceded,  in  some  instances,  by  precipitation  aa 
sulphide  of  nickel,  or  by  ignition. 

We  may  convert  into 

PROTOXIDE   OP   NICKEL. 

a.  Sy  JPrecipitaiion  as  Hydrated  h.  By  Precipitation  as  Svlphide 
Protoxide  or  Sesquioxide  of  JSTickel.     of  JSTickd, 

All  the  salts  of  nickel  with  in-  All  compounds  of  nickel  with- 
organic  acids  which  are  soluble  in  out  exception, 
water,  and  aU  its  salts  with  volatile 
organic  acids ;  likewise  all  salts  of 
nickel  which,  insoluble  in  water, 
dissolve  in  th»  stronger  acids,  with 
separation  of  their  acid. 

e.  By  Ignition. 

The  salts  of  nickel  with  readily  volatile  oxygen  acids, 
or  with  such  oxygen  acids  as  are  decomposed  at  a  high 
temperature  (carbonic  acid,  nitric  acid). 
The  method  c  is  very  good,  but  seldom  admissible.     The  method  a  ia 
most  frequently  employed.     In  the  presence  of  sugar,  or  other  non-vola« 
tile  organic  substance,  it  cannot  be  used.     In  this  case  we  must  eithei 

*  Zeitachr.  f.  AnaL  Chem.  3,  209. 
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igiiite  and  thereby  destroy  the  organic  matter  before  precipitating,  or 
we  must  resort  to  the  method  6,  which  otherwise  is  hardly  used  except 
in  separations.  The  combinations  of  the  protoxide  of  nickel  with 
chromic,  phosphoric,  boracic,  and  silicic  acids  are  analyzed  accordiog  to 
the  methods  given  under  the  several  acids. 

Determination  as  Protoxide  of  Nickel. 

a,  By  Precipitation  as  JTyd rated  Protoxide  of  Nickel, 

Mix  the  solution  with  pure  solution  of  potassa  or  soda  in  excess^ 
heat  for  some  time  nearly  to  ebullition,  decant  3  or  4  times,  boiling 
up  each  time,  filter,  wash  the  precipitate  Uioroughly  with  hot  water, 
dry  and  ignite  intensely  (Eussell  *)  (§  53).  The  precipitation 
is  best  effected  in  a  platinum  dish ;  in  i>resence  of  nitrohydi-ochloric 
acid,  or,  if  the  operator  does  not  possess  a  sufficiently  capacious  dish  of 
the  metal,  in  a  porcelain  dish  ;  glass  vessels  do  not  answer  the  purpoM 
so  well.  Presence  of  ammoniacal  salts,  or  of  free  ammonia,  does  not 
interfere  with  the  precipitation.  For  the  properties  of  the  precipitate 
and  residue,  see  §  79.  This  method,  if  properly  executed,  gives  very 
accurate  results.  The  thorough  wasliing  of  the  precipitate  is  a  most 
essential  point.  It  is  necessary  also  to  ascertain  whether  the  residue 
has  not  an  alkaline  reaction,  and  whether  it  dissolves  completely  in 
hydrochloric  acid. 

[Addition  of  solution  of  hypochlorite  of  soda  to  the  hot  liquid,  after 
treatment  with  caustic  soda,  converts  the  protoxide  into  sesquiande^ 
which  washes  more  easily  than  the  protoxide,  and  is  otherwise  treated 
like  the  latter.] 

6.  Py  Precipitation  as  Sulphide  of  N^ickel, 

This  requires  the  greatest  care  and  attention  when  sulphide  of  am- 
monium is  employed. 

a.  The  moderately  dilute  cold  solution  of  nickel  contained  in  a  proper 
sized  flask  is,  if  necessiiry,  neutralized  with  ammonia  (the  reaction  should 
be  rather  slightly  acid  than  alkaline)  :  chloride  of  ammonium  is  added, 
if  not  already  j)resent  in  sufficient  quantity,  and  then  hydrosulphate  of 
sulpliide  of  ammonium,  as  long  as  a  precipitate  is  produced.  (The 
N  K^S,  HS  should  be  perfectly  saturated  with  IIS ;  it  may  be  colorless  or 
light-yellow.)  A  large  excess  of  the  reagent  must  be  avoided.  After 
mixing,  fill  the  fljisk  with  watt;r  up  to  the  neck,  cork,  and  allow  to  stand 
about  twenty  four  hours  without  warming,  but  in  a  moderately  warm 
place.  The  precipitate  hjis  now  settled,  and  the  clear  supernatant  fluid 
is  colorless  or  slightly  yellow.  Decant,  filter,  and  wash  as  described  in 
the  case  of  sulpliide  of  manganese  (§  109,  1,  c).  (Filtrate  and  wash- 
water  must  be  colorless  or  slightly  yellow.)  Dry  the  precipitate  in  the 
funnel,  and  transfer  as  completely  as  possible  from  the  filter,  to  a  beaker; 
the  filter  is  incinerated  in  a  coil  of  platinum  wire,  or  upon  the  lid  of  a 
crucible,  and  the  ash  added  to  the  dry  precipitate.  The  precipitate  is 
now  treated  w^ith  concentrated  nitroliydrochloric  acid,  and  the  mixture 
digested  at  a  gentle  heat,  until  the  whole  of  the  sulphide  of  nickel  is 
dissolved,  and  the  undissolved  sulphur  appears  of  a  pure  yellow;  the 
fluid  is  then  diluted,  filtered,  and  the  filtrate  precipitated,  drc,  as  di- 
rected in  a.  For  the  properties  of  the  precipitate,  see  §  79.  The 
method,  if  properly  executed,  gives  accurate  results. 

If  the  solution  contains  free  ammonia,  or  no  salt  of  ammonia,  tli« 
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fluid  filtered  off  from  the  sulphide  of  nickel  possesses  always  a  more  or 
less  brownish  tint,  and  contaiuH  sulphide  of  nickel  (§  79,  c),  which  niuKt 
be  regained  by  acidifying  with  acetic  acid  and  boiling.  If  the  precipi- 
tate is  not  washed  as  directed,  some  nickel  is  very  likely  to  pass  through 
with  the  wash- water.  If  the  filter  were  not  incinerated,  but  ti^ated  at 
once,  together  with  the  precipitate,  with  nitrohydrochloric  acid,  the  so- 
lution of  the  sulphide  of  nickel  would  contain  organic  substances,  and 
the  soda  or  potassa  would  accordingly  afterwards  fail  to  effect  the  com- 
plete ])recipitation  of  the  nickel. 

/3.  Mix  the  slightly  acidified  solution  of  nickel  with  bicarbonate  of 
ammonia,  so  that  the  free  acid  may  be  neutralized,  and  the  solution  may 
contain  a  small  excess  of  the  bicarbonate  of  ammonia,  together  with  free 
carbonic  acid,  and  then  ])ass  hydrosulphuric  acid  gas  through  the  mix- 
ture. Precipitation  will  promptly  ensue.  Filter,  and  treat  the  precip- 
itate as  in  a. 

[7.  When  a  boiling  solution  of  sulphide  of  sodium*  is  added  to  a 
boiling  solution  of  a  salt  of  nickel,  sulphide  of  nickel  is  thrown  dowTi 
completely,  and  may  be  filtered  and  washed  with  hot  Avater  without  the 
least  oxidation.  It  is  best  to  add  some  acetic  acid  before  filtering,  to 
destroy  any  excess  of  sulphide  of  sodium.     (GiBBS.f)] 

It  is  not  advisable  to  convert  the  sulphide  of  nickel  in  NL^S,  by  ignit- 
ing in  hydrogen  with  addition  of  sulphur,  and  in  this  form  to  weigh  it, 
as  the  composition  of  the  residue  is  not  quite  constant.     (H.  Rose.) 

c.  Sy  direct  Ignition. 

The  same  method  as  described  §  109,  1,  e,     (Manganese.) 

§1". 

4.  Protoxide  of  Cobalt. 

a.  Solution, 

Protoxide  of  cobalt  and  its  compounds  behave  with  solvents  like  the 
corresponding  compounds  of  nickel ;  metallic  cobalt  like  metallic  nickel. 
The  protosesquioxide  of  cobalt  obtained  by  Schwarzenbero  in  microscopic 
octahedra  does  not  dissolve  in  boiling  hydrochloric  acid,  or  nitric  acid,  nor 
in  nitrohydrochloric  acid ;  but  it  dissolves  in  concentrated  sulphuric  acid, 
and  in  fusing  bisulphate  of  potassa. 

6.  Determination, 

Cobalt  may  be  weighed  as  metallic  cobalt^  protoxide  of  cobalty  svlphats 
of  protoxide  of  cohalty  and  nitrite  of  cohcdt  and  potassa.  The  conversion 
into  protoxide  is  often  preceded  by  precipitation  as  hydrated  sesquioxide, 
and  conversion  into  the  sulphate  by  precipitation  as  sulphide  of  cobalt. 

We  may  convert  into 

1.  Metallic  Cobalt. 

All  salts  of  cobalt  that  may  fee  reduced  directly  by  hydrogen  gas  (chlo- 
ride of  cobalt,  nitrate  of  protoxide  of  cobalt,  carbonate  of  protoxide  of 
cobalt,  &c.)  and  all  the  oxides. 

•  [  Pure  sulphide  of  sodium  may  be  procured  by  dissolvinpf  crystallized  sul- 
phide I  NaS  9  HO)  in  alcohol  of  9 J  per  cent,  and  recrystallizing  two  or  three 
tiracfl  from  the  solvent.  The  pure  salt  is  dried  in  vacuo,  and  the  white  ef- 
floresced mass  preserved  in  a  well-stoppered  bottle.     (Gibbs.)] 

[  t  Am.  Jour.  Sci.  2d  Ser.  87,  a50.] 
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2.  Protoxide  op  Cobalt. 

AH  salts  of  cobalt  which  are  sohible  in  water,  or  in  stronger  acids,  with 
separation  of  their  acid,  except  those  with  non-volatile  oi^nic  acids. 
Also  all  the  higher  oxides,  and  all  salts  whose  acids  are  destroyed  or 
expelled  by  ignition. 

3.  Sulphate  op  Protoxide  op  Cobalt. 
All  compounds  of  cobalt  without  exception. 

4.  Nitrite  op  Cobalt  and  Potassa. 

All  compounds  of  cobalt  soluble  in  water  or  acetic  acid. 

1.  Determination  as  J\fetaUic  Cobalt, 

Evaporate  the  solution  of  chloride  of  cobalt,  or  of  nitrate  of  protoxide 
of  cobalt,  which  must  be  fi*ee  from  sulphuric  acid  and  alkali,  in  a  weighed 
crucible,  to  dryness ;  cover  the  crucible  with  a  lid  having  a  small  aper- 
ture in  the  middle,  conduct  through  this  a  moderate  current  of  pure 
dry  hydrogen  gas,  and  then  apply  a  gentle  heat,  which  is  to  he  increniaed 
gradually  to  intense  redness.  Wlien  the  reduction  is  considered  complete, 
let  the  reduced  metal  cool  in  the  current  of  hydrogen  gas,  and  weigh; 
ignite  again  in  the  same  way  and  repeat  the  process  until  the  weight  of 
the  reduced  metal  remains  constant.  The  results  are  accurate.  For  the 
properties  of  cobalt,  see  §  80. 

[The  oxitles  of  cobalt  which  have  been  precipitated  by  an  alkali  after 
ignition  may  be  reduced  in  the  same  manner.  The  metal  retains  a  snuJI 
portion  of  alkali  which  may  be  removed  by  washing  with  hot  water  down 
to  iniweighable  traces.  Unless  alkali  absolutely  free  from  silica,  and 
platinum  vessels  be  employed  in  the  precipitation,  the  metal,  after  weigh- 
ing, sliould  be  dissolved,  the  solution  evaporat<jd  to  diyness  on  the  wate^ 
bath,  that  any  residue  of  silica  maybe  separated.] 

As  regards  the  apparatus  to  be  employed,  see  tig.  47,  p.  181. 

[2.  Determinnfion  as  Protoxide  of  Cobalt. 

a.  Dy  JPrecipitation  as  Uydrated  Sfsqidoxitle, 

Tlie  solution  is  precipitated  exactly  as  described  for  nickel,  with  solation 
of  soda  under  addition  of  a  hypochlorite.  §  110,  a.  The  precipitate  is 
also  further  treated  as  there  directed,  with  the  important  difference  that 
the  dried  precipitate  is  ignited  and  cooled  in  a  stream  of  2)uie  carbonic 
acid  gas  until  the  weight  remains  constant.     See  §  80. 

When  precipitated  as  hydrated  sesquioxide  with  reagents  free  from 
silica,  (fee,  the  precipitate  retains  but  trifling  traces  of  alkali,  and  the 
method  is  very  accurate. 

6.  J?y  Ignition, 

Carbonate  and  nitrate  of  cobalt  are  ignited  in  a  stream  of  carbonic 
acid  as  above.  Organic  salts  are  ignited  in  the  air  until  carbon  is  burned 
oft',  and  then  in  an  atmosphere  of  carbonic  acid.] 

3.  Determination  as  Sulphate  of  Protoxide  of  Cobalt, 

a.  liy  direct  Conversion, 

The  solution  is  evaporated  to  dryness,  in  a  platinum  dish  or  platrnuK 
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crucible  * — (directly,  if  it  contains  sulphate  of  protoxide  of  cobalt ;  but 
if  it  contains  a  volatile  acid,  after  addition  of  a  slight  excess  of  sulphuric 
acid) — and  the  residue  cautiously  heated,  at  a  gradually  increased  tem- 
perature, which  is  finally  raised  to  gentle  redness :  the  application  of 
heat  is  continued  until  no  more  fumes  escape  and  the  weight  of  the  cruci- 
ble remains  constant.  In  order  to  avoid  spirting  while  heating,  it  is  well 
to  hold  the  flame  above  the  crucible,  and  let  it  play  on  the  cover. 

After  weighing,  the  salt  is  treated  with  hot  water.  If  this  fails  to  effect 
complete  solution  (a  sign  that  the  salt  has  become  basic)  the  residue  is 
dissolved  in  hydrochloric  acid,  and  the  amount  of  sulphuric  acid  is  then 
estimated  in  the  solution,  as  directed  §  132;  the  difference  will  be  the 
protoxide  of  cobalt.     The  results  are  accurate. 

For  the  properties  of  sulphate  of  protoxide  of  cobalt  see  §  80. 

5.  Preceded  by  JPrecipitation  as  Svlphide  of  Cobalt,' 

Pi*ecipitate,  decant,  filter  and  wash  exactly  as  directed  for  sulphide  of 
manganese  (§  109,  1,  c),  dry,  and  redissolveas  directed  §  110,  6,  a  (Sul- 
phide of  nickel.) 

The  solution  obtained  contains  invariably  sulphuric  acid ;  the  amount 
of  the  cobalt  is  determined  according  to  3,  a,  taking  care  to  evaporate  the 
fluid,  which  contains  nitrohydrochloric  acid,  in  a  porcelain  dish,  with 
addition  of  sulphuric  acid,  to  dryness,  before  transferring  the  residue,  with 
a  little  water,  to  the  platinum  dish.     The  results  are  accurate. 

For  the  properties  of  the  sulphide  of  cobalt  see  §  80.  The  sulphide 
of  cobalt  cannot  be  brought  into  a  weighable  form  by  ignition  in  hydrogen, 
as  the  residue  is  a  variable  mixture  of  different  sulphides  (H.  Rose). 

4.  Determination  as  Nitrite  of  Cobalt  and  Potassa  (used  principally 
in  cases  of  separation). 

Mix  the  cobalt  solution,  which  must  not  be  too  dilute  (at  the  most, 
300  parts  of  water  to  1  of  protoxide  of  cobalt),  with  a  concentrated  solu- 
tion of  nitrite  of  potassa ;  add  acetic  acid  in  quantity,  a  little  more  than 
sufficient  to  redissolve  the  precipitate,  which  is  at  first  produced  in  the 
solution  by  the  free  potassa  and  carbonate  of  potassa  contained  in  the 
nitrite.  Cover  the  beaker  with  a  clock-glass,  and  let  it  stand  12  to  24 
hours  in  a  warm  place.  Collect  the  yellow  precipitate  on  a  weighed  filter, 
wash  thoroughly  with  an  aqueous  solution  of  neutral  acetate  of  potassa 
(containing  10  per  cent,  of  the  salt),  to  which  some  nitrite  of  potassa  is 
added,  displace,  finally,  the  last  portion  of  solution  of  acetate  of  potassa 
still  adhering  to  the  precipitate,  by  means  of  spirit  of  wine  of  80  per 
cent.,  dry,  ignite,  incinerate  the  filter,  moisten  the  whole  with  sulphuric 
acid,  drive  off  the  excess  of  the  latter  (see  §  97,  1),  and  weigh  the 
residue  which  consists  of  2  (Co  O,  S  O3)  +  3  (K  O,  S  O3).  Gibbs  and 
Gekth  f  have  obtained  good  results  by  this  method. 

100  parts  of  the  residue  are  equivalent  to  18*014  parts  of  Co  O. 

[Or  dissolve  the  nitrite  of  cobalt  and  potassa  in  hydrochloric  acid, 
precipitate  by  potassa,  reduce  the  washed  precipitate  by  hydrogen,  and 
weigh  the  washed  metal.  (H.  Rose.)] 

[To  weigh  the  precipitate  dried  at  100°  is  not  recommended,  since 
Erdmann  has  shown  that  its  content  of  water  and  nitrogen  is  variable 
Bt«  §  80.] 


*  The  operation  must,  at  all  eventn,  \iei  finished  in  a  platinnm  veaseL 
f  AnnaL  d.  Chem.  a.  Pharm.  104,  309. 
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§112. 

5.  Protoxide  of  Ibon. 

a.  Solution, 

Maiiy  of  the  compouniR  of  protoxide  of  iron  are  soluble  in  water 
Tlio  compounds  insoluble  in  water  dissolve  almost  without  oxceptiou  in 
hydrochloric  acid,  in  which  the  pure  protoxide  also  is  soluble ;  the  sola* 
tions,  if  not  prepared  with  perfect  exclusion  of  air,  and  with  solventi 
ub.s(^iutely  free  from  air,  contain  invariably  more  or  less  sesquichloride 
J  n  casi\s  where  it  in  wishtid  to  avoid  the  chance  of  oxidation,  the  solution 
of  llie  compound  of  protoxide  of  iron  is  effected  in  a  small  flask,  through 
which  a  slow  curix^nt  of  carbonic  acid  gas  is  passed,  the  transmission  of  the 
gas  being  continued  until  the  solution  is  cold.  Many  native  proto-com- 
pDunds  of  iron  cannot  be  thus  dissolved.  They  are,  indeed,  rendeivd 
soluble  by  fusing  with  carbonate  of  soda,  but  in  this  process  the  protox- 
ide of  iron  is  converted  into  sesquioxide  It  is  therefore  advisable  to 
heat  such  substances  (in  the  finest  powder)  with  a  mixture  of  3  parti 
(V)ncentrat^Hl  sulphuric  acid  and  1  part  water  in  a  strong  sealed  tube  of 
BohiMuian  glass  for  2  hours  at  about  210°,  or — in  the  case  of  silicates— 
to  warm  them  with  a  mixtui-e  of  2  parts  hydrochloric  acid  and  1  part 
strong  hydrofluoric  acid  in  a  covered  platinum  dish  (A.  MiTSc^ERLitrH^ 
See  also  (?ooke's  method  of  solution,  p.  — ).  Metallic  iron  dissolves  in 
hydrochloric  acid,  and  in  dilute  sulphuric  acid,  with  evolution  of  hydro- 
gen, as  protochloride  or  sulphate  of  protoxide  respectively;  in  warmDi- 
tric  acid  it  dissolves  as  nitrate  of  sesquioxide,  and  in  nitru-hjdrochlorifl 
acid  as  sestpiichloride. 

b.  De.tennination, 

Protoxide  of  iron  may  bo  estimated  1,  by  dissolving,  converting  into 
8esquit>xid(j  and  determining  the  latter  gravimetrically  or  volumetrically; 
2,  by  precipitating  as  sulphide,  and  weighing  it  as  such,  or  determining 
it  after  conversion  into  sesquioxide ;  3,  by  a  direct  volumetric  method; 
4,  by  treating  with  terchloride  of  gold,  and  weighing  the  reduced  gold. 

Tlio  methods  1  and  2  are,  of  course,  only  applicable  when  no  sesqoi- 
oxi<lo  is  present  with  the  protoxide ;  the  method  2  is  scarcely  ever  uiftd 
(^xcept  for  separations.  The  methods  included  under  3  are  adapted  to 
most  cases  and,  in  absence  of  other  i^educing  substances,  are  espe* 
cially  worthy  of  recommendation.  The  method  4  will  be  briefly  treated 
of  in  the  supplement  to  §§  112  and  113. 

As  the  determination  of  iron  as  sesquioxide  belongs  to  §  113,  and  M 
the  process  for  precipitating  the  protoxide  as  sulphide  is  the  same  M 
that  for  precij)itating  the  sesquioxide  in  this  form,  nothing  remains  for 
us  hero  biit  to  describe  the  methods  of  converting  the  protoxide  into  thi 
ses<puoxide  and  the  processes  included  under  3. 

1.  Methofh  of  concerfing  Protoxide  of  Iran  into  Sesquioxich. 

a.   Methods^  applicahh.  la  ail  cases. 

Heat  the  solution  of  protoxide  of  iron  to  be  oxidized  with  hydrr 
chloric  acid  anrl  a<ld  small  portions  of  chlorate  of  potassa,  till  the  f)ci<l 
even  after  warininijj  for  somr  time?,  still  smells  strongly  of  chlorine.  Our 
obj(jct  .may  be  alsi  attained  >)y  i>assing  chlorine  gas  or — in  the  cat^  at 

•  Journ.  f.  prakt.  Chern.  81,  116. 
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small  quantities — bj  addition  of  chlorine  water.  If  the  solution  is  re- 
quired to  be  free  from  excess  of  chlorine,  it  is  finally  heated,  till  all  odor 
of  that  gas  has  disappeared. 

h.  Methods  which  <vre  ordy  suitable  wJien  the  iron  is  to  he  subsequently 
precipitated  by  ammonia,  as  hydrated  sesquioxule. 

Mix  the  solution  of  the  protoxide  of  iron  in  a  flask  with  a  little 
hydrochloric  acid,  if  it  does  not  already  contain  any  ;  add  some  nitric 
acid,  and  heat  the  mixture  for  some  time  to  incipient  ebullifcion.  The 
color  of  the  fluid  will  show  whether  the  nitric  acid  has  been  added  in 
Bufiicient  quantity.  Though  an  excess  of  nitric  acid  does  no  harm,  still 
it  is  better  to  avoid  adding  too  much  on  account  of  the  subsequent  pre- 
cipitation. In  concentrated  solutions,  the  addition  of  nitric  acid  pro- 
duces a  dark-brown  color,  which  disappears  upon  heating.  This  color  is 
owing  to  the  nitric  oxide  formed  dissolving  in  the  still  unoxidized  por- 
tion of  the  solution  of  the  protoxide. 

e.  Methods  which  can  be  employed  ordy  when  the  sesquioxide  of  iron 
is  to  be  determined  volumetriccUly. 

Add  to  the  hydrochloric  solution  small  quantities  of  artificially  pre- 
pared iron-free  binoxide  of  manganese,  till  the  solution  is  of  a  dark 
olive  green  color  from  the  formation  of  sesquichloride  of  manganese ; 
boil  till  this  coloration  and  the  odor  of  chlorine  have  disappeared  (Fr. 
tf  ohr)  ;  or  you  may  add  pure  permanganate  of  potassa  (in  crystals  or 
concentrated  solution)  till  the  fluid  is  just  red  and  then  boil,  till  the  rod 
color  and  chlorine-odor  have  vanished.  These  methods  present  the  ad- 
vantage of  permitting  complete  oxidation  without  the  use  of  any  consid- 
erable excess  of  the  oxidizing  agent. 

2.  Estimation  by  Volumetric  Analysis. 

a.  Marouebite's  Method. 

This  method  is  based  upon  the  following  principle : — 
If  we  add  to  a  solution  of  protoxide  of  iron,  containing  an  excess  of 
sulphuric  acid,  permanganate  of  potassa,  the  former  is  oxidized  at  the 
expense  of  the  latter  [10  (Fe  O,  SO3)  +  8  S  O,  4-  K  O,  Mn^O^  =  5  (Fe, 
0„  3  S  O5)  +  K  O,  S  O5  4-  2  (Mn  O,  S  O3)].  Now  if  we  possess  a  solu- 
tion of  permanganate  of  potassa,  and  know  how  much  iron  100  c.  c.  of 
it  can  convert  from  the  condition  of  protoxide  to  that  of  sesquioxide, 
we  can,  with  this,  readily  determine  an  imknown  quantity  of  iron ;  we 
have  simply,  for  diis  purpose,  to  dissolve  the  iron  in  acid,  in  the  form 
of  protoxide,  to  oxidize  the  solution  accurately,  and  note  how  many  c. 
o.  of  the  solution  of  permanganate  of  potassa  h:ive  been  used  to  accom- 
plish that  object. 

a.  Determination  of  the  Strength  of  the  Solution  of  Permangofnaie 
of  Potassa, 

The  process  of  preparing  a  solution  of  permanganate  of  potassa  having 
been  described  already  in  §  65,  3, 1  will  at  once  proceed  to  give  the  sev- 
eral methods  employed  to  determine  the  strength  of  the  solution. 

Either  of  the  three  subjoined  methods  may  be  selected  for  the  pur- 
poee ;  or,  the  strength  having  been  determined  by  one  method,  it 
may,  by  way  of  control,  be  determined  once  more  by  one  of  the  other 
methods. 

Solution  of  permanganate  of  potassa  prepared  from  the  pure  crystal- 
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lued  salt,  does  not  alter,  if  oaLrefiiUy  kept ;  on  the  oontmy,  if  it  oontiiH 
free  potassa  or  nuuiganate  of  potAoaa,  it  suffers  gradual  decompoddoi, 
and  each  analysis,  mude  after  an  interval  of  even  only  ft  day,  mult  bi 
preceded  by  a.  fresh  determination  of  ite  strength. 

aa.  Detenaination  of  the  Strength  by  meana  of  JtfeiaUio  Jnm. 

Weigh  off  accurately  about  0*2  gnn.  of  thin,  clean  iron  wire  (jouo- 
forte  wire) ;  introduce  this  into  a  small  long-necked  flask,  add  about  W 
c.  o.  of  dilute  sulphuric  add,  and  the  same  quantity  of  water,  secnnUu 
Soak  in  an  oblique  position,  by  means  of  a  ret«rt-holder ;  traoHul 
through  it  a  slow  current  of  carbonic  acid,  and  then  heat  the  floiil  I* 
gentle  ebullition. 

Fig.  48  shows  the  arrangement  of  the  appaiatna.  When  the  iruilM 
dissolved,  allow  to  cool,  keeping  up  the  current  of  carbonic  add,  tta 


Fig.  48. 

Otl  the  fiask  two-thirds  with  distilled  water;  aniear  the  rim  withalitlb 
tallow,  pour  the  contents  cautiously  into  a  heaker  of  about  400  c  o. 
capacity,  aud  traoafcr  the  last  particles  from  the  flask  to  the  beaker  bj 
repeuted  rinsing  with  cold  water.  The  total  quantity  of  fluid  should  be 
about  200  c,  c.  Place  the  beaker  on  a  sheet  of  white  paper,  or  beliw, 
on  a  sheet  of  glass,  with  white  paper  underneath. 

Fill  a  Gay-Lussac's  or  Geissler's  burette  of  30  c  c  capacity,  diviiiwi 
into  ^c.  c.  (see  g§  22,  23,  figs.  13  and  14),  up  to  zero,  with  solution  of 
permanganate  of  ]iotasaa,  of  wliich  take  care  to  have  ready  a  suffio^t 
quantity,  perfectly  clear  and  uniformly  mixed. 

Now  add  the  perraanganato  to  the  iron  sohition,  stirring  the  Iftttersl' 
the  while  with  a  glass  rod.  At  first  the  red  drops  disappear  very  i»^' 
ly,  then  raoi'e  slowly.  The  fluid,  which  at  first  was  nearly  colorlf^ 
gradually  acquires  a  yellowish  tint.  From  the  instant  the  red  drops  I* 
gin  to  disappear  more  slowly,  add  the  permanganate  with  more  MutioB 
and  in  single  drops,  until  the  last  diop  imparts  to  the  fluid  a  &int,  bn* 
unmistakable  reddish  color,  which  remains  on  stirring.  A  little  pncfss' 
will  enable  you  readily  to  hit  the  right  point.  As  soon  as  the  fluid  i* 
the  burette  has  sulfideiitly  collected  again,  read  o^  and  mark  the  nov^ 
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ber  of  c.  c.  used.     The  reading  off  must  be  performed  with  the  greatest 
exactness  (see  8  22) ;  the  whole  error  should  not  amount  to  ^  c.  c. 

If  0*2  grm.  iron  have  taken  from  20  to  30  c.  c.  of  permanganate,  the 
latter  may  be  considered  to  be  of  the  proper  degree  of  concentration  for 
most  determinations  of  iron.  If  much  less  has  been  used  in  the  process, 
the  solution  is  too  concentrated.  In  that  case  add  to  the  entire  quantity 
a  sufficient  amount  of  water  to  give  it  approximately  the  right  degi'ee 
of  concenti'ation ;  then  repeat  the  above  experiment  with  afresh  amount 
oC  ii-on.  If,  on  the  other  hand,  considerably  more  than  30  c.  c.  of  perman- 
gmate  have  been  used  for  0*2  grm.  iron,  tlie  solution  is  not  exactly  unfit 
for  use,  but  working  with  it  becomes  the  more  tedious  and  inconvenient 
the  more  its  degree  of  concentration  ditfei*s  from  that  given  above. 

When  you  have  completed  the  experiment  with  a  solution  of  approxi- 
mately proper  concentration,  calculate,  by  a  simjile  proportion,  how  much 
iron  100  c.  c.  of  the  solution  will  convert  from  the  state  of  protoxide  to 
that  of  sesquioxide.  Supposing,  for  instance,  you  have  used  to  0*210 
gnu.  iron,  23*5  c.  c.  of  the  permanganate,  then  we  say 

23*5  :  100::  0*2 10  :  x  a5=0*893G  (grm.  iron). 

As  the  accuracy  of  all  estimations  made  with  the  solution  of  pei*man- 
ganate  of  potassa  depends  upon  the  correct  determination  of  the  strength, 
it  is  always  advisable  to  repeat  the  experiment. 

As  even  the  purest  iron  wire  is  not  chemically  pure,  but  contains  a 
little  carbon,  it  is  well,  in  analyses  requiring  the  very  highest  degree  of 
accuracy,  to  reduce  the  weight  of  the  iron  wire  used  in  the  process,  by 
multiplication  with  0*997,  to  the  corresponding  weight  of  chemically  pure 
iron.  Tliis  reduction  is  based  upon  the  generally  correct  supposition 
that  the  wire  contains  0*3  per  cent,  of  extraneous  matter. 

\^^^  iu  the  two  experiments  made  for  the  purpose  of  determining  the 
strength  of  the  solution  of  permanganate  of  potassa,  the  quantities  of  iron 
^v^pectively  corresponding  to  100  c.  c.  of  solution,  differ  only  about  1,  2, 
^^  3  nigrm.  (per  grm.),  the  i*esults  may  be  considered  perfectly  satisfac- 
tory. Biit  if  the  difference  is  considerably  greater,  a  third  expeiiment 
naust  be  made. 

I^  there  is  a  deficiency  of  free  acid  in  the  solution  of  iron,  the  fluid 
y^xiires  a  brown  color,  turns  turbid,  and  deposits  a  brown  precipitate 
V"J^n oxide  of  manganese  and  sesquioxide  of  iron).  The  same  may  happen 
wso  if  the  solution  of  permanganate  of  potassa  is  added  too  quickly,  or 
^  tilie  proper  stirring  of  the  iron  solution  is  omitted  or  interrupted. 
*^^periments  attended  with  abnormal  manifestations  of  the  kind  should 
^J^ays  be  rejected.  That  the  fluid  reddened  by  the  la«t  drop  of  solution 
l>ermanganate  of  potassa  added,  loses  its  color  again  after  a  time,  need 
?''^^te  no  surprise  or  uneasiness ;  this  decolorization  is,  in  fact,  quite 
^*^  vitable,  as  a  dilute  solution  of  free  permanganic  acid  cannot  keep  long 
^^^ecomposed. 

»6.  Determination  of  the  Sl/rength  hy  means  of  Sulpliate  of  Protoxide 
^  -Iron  and  Ammonia. 

\Veigh  off,  with  the  greatest  accuracy,  about  1*4  grm.  of  the  pun* 
It  prepared  according  to  the  directions  given  in  §  G5,  4,  after  powder- 
s' the  crystals,  and  pressing  between  sheets  of  smooth  blotting-paper, 
^ssolve  in  about  200  c.  c.  distilled  water,  add  about  20  c.  c.  dilute 
^Uphuric  acid,  and  proceed  as  in  om. 

As  sulpliate  of  protoxide  of  iron  and  ammonia  contains  exactly  \  of 
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itn  weight  of  iron,  the  calculation  i-cquired  to  show  the  yalae  of  100  c.  6 
of  permanganate  is  very  simple.  Supposing,  for  instance,  25  c.  c  of  pep 
manganate  to  have  been  consumed  to  1*400  gim.  of  the  iron  salt,  then, 

we  have  1*4     ^  _ 

y-=0-2 

and  25  :  100  : :  0-2  :  x;  aj=0-8 

If  the  sulphate  of  protoxide  of  iron  and  ammonia  used  is  not  pare.i( 
for  instance,  it  contains  bases  isomorphous  with  protoxide  of  iron  (pith 
toxide  of  manganese,  magnesia,  &c.)  ;  or  if  it  contains  sesquioxide,  orii 
used  in  a  moist  condition,  the  result  will  of  course  be  too  high. 

cc.  Determination  of  the  Strength  by  means  of  Oxalic  AcicL 

This  method  is  based  upon  thc^  following  principle : — 

If  solution  of  permanganate  of  potassa  is  added  to  a  warm  solution  of 
oxalic  acid,  mixed  with  8uli)huric  acid,  the  liberated  permanganic  wai 
instantly  oxidizes  the  oxalic  acid  to  carbonic  acid  [5  C,  O3  -4-  3  S  0,+ 
K  O,  Mn,  O,  z=  10  C  O,  -f  2  (Mn  O,  S  O,)  -f  K  O,  S  O,].  For  the  oxkb- 
tiou  of  1  eq.  oxalic  acid  (C.^  O,)  and  2  eq.  iron  (in  the  state  of  protoxide) 
equal  quantities  of  i>ermangauic  acid  are  accordingly  required ;  then- 
fore,  G3  parts  (1  eq.)  of  crystallized  oxalic  acid  correspond,  in  referenceto 
the  oxidizing  action  of  permanganic  acid,  to  56  parts  (2  eq.)  of  iron. 

By  dissolving  G'3  grni.  pure  crystallized  oxalic  acid  (§  65,  1),  0r4"5 
grm.  of  tlie  pure  hydi-ate,  dried  at  100°,  in  water,  to  1  litre  of  fluid,  a  dfici- 
normal  solution  of  oxalic  acid  is  obtained,  which  is  exactly  suited  to  oat 
prt^st^iit  purpose.  50  c.  c.  of  this  solution,  which  corresjiond  to  O-SW 
gnn.  cry stiillized  oxalic  acid,  or  0':28  gi-ms.  iron,  are  introduced  into  i 
bt?aker,  diluted  ^4th  about  100  c.  c.  of  water,  from  6  to  8  c.  c  of  coml 
sulphuric  acid  added,  and  the  fluid  heated  to  about  G0°.  The  beaker  is 
then  pljKtcd  on  a  sheet  of  white  pa[)er,  and  permanganate  added  from  the 
burette,  with  stirring.  The  red  drops  do  not  disappear  at  first  vcir 
ni})i(lly,  but  when  once  the  reaction  has  fairly  set  in,  they  continue  for 
soiiK*  time  to  vanish  instantaneously.  As  soon  as  the  red  drops  begin 
to  <lisap|)ear  uior(5  slowly,  the  solution  of  permanganate  of  potassa  innst 
be  added  with  great  caution  ;  if  proper  care  is  tiiken  in  this  respect,  it  ii 
(jiisy  to  eoniplete  the  reaction  with  a  single  drop  of  i^eimanganate ;  tliii 
completion  of  the  reaction  is  indicated  with  beautifiil  distinctness  in  the 
colorless  Ihiid.     The  number  of  c.  c.  used  cori-csponds  to  0*28  grm.  iron. 

If  the  oxalic  acid  was  not  perf(»ctly  dry,  or  not  quite  pure,  the  resnltof 
the  experiment  will,  of  course,  lead  to  fixing  the  strength  of  the  solution  of 
permanganate  of  pot jussa  too  high.  Instead  of  pure  oxalic  acid,  Saint-GillB 
has  proposed  to  use  crystallized  oxalate  of  ammonia  (N  H4  O,  Cj  O,  -f  aq.)^ 
This  can  easily  be  prepared  in  the  pure  state,  keeps  well,  and  can  fci 
w»nghed  with  accuracy.  It  is  not  however  advisable  to  keep  a  standtfi 
solution  of  this  salt  in  store,  as  it  is  liable  to  spoil.  71  parts  of  thl 
crystallized  salt  cori*espond  to  56  parts  iron. 


01  pent^^n^  1^ 
and  oxalic  acid  by  Hempkl,  as  agents  suitable  for  the  purpose^    ^2S 


Sulphate  of  protoxide  of  iron  and  ammonia  was  first  proposed  hyFn^  ^«gL 
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absolutely  pure  and  thoroughly  dry  reagents,  and  proper  attention,  all 
three  methods  give  correct  results. 

For  myself,  I  jHrefer  the  first  method,  as  the  most  direct  and  positive- 
the  only  doubtful  point  about  it  being  the  questiorf  whether  the  assump- 
tion that  the  iron  wire  contains  99*7  per  cent,  of  chemically  pure  iron  is 
quite  correct ;  this,  however,  is  of  very  trifling  impoi*tance,  as  the  error 
could  not  exceed  ^V  ®^  A  P®^*  cent.  But  the  other  two  methods  are,  as  may 
readily  be  seen,  somewhat  more  convenient,  since  in  one  of  them  the 
trouble  is  saved  of  preparing  the  solution  of  ii'on,  and  in  the  other  there 
is,  moreover,  no  need  of  weighing.  These  advantages,  however,  which 
vrere  considerable  when  the  impure  permanganate  solution  that  was  used 
required  fresh  standardizing  every  day,  have  now  lost  their  value,  as  the 
pure  solution,  now  generally  employed,  keeps  unaltered. 

For  the  analysis  of  very  dilute  solutions  of  iron,  e.g.,  chalybeate  water, 
in  which  the  amount  of  iron  may  be  very  approximately  determined  with 
great  expedition,  by  direct  oxidization  with  permanganate,  a  very  dilute 
standard  solution  must  be  pi*epared ;  of  which  100  c.  c.  correspond  to  say 
0*1  grm.  iron.  Such  a  solution  should  be  directly  standardized  with  corre- 
spondingly small  quantities  of  iron,  or  the  iron-double-salt,  and  boiled 
"Water  should  be  used. 

In  ex|)eriments  of  this  kind,  the  fact  that  a  certain  quantity  of  perman- 
ganate is  required  to  impart  a  distinct  color  to  pure  acidified  wat«r  (which 
18  of  no  consequence  in  operations  whei-e  the  concenti-ated  solution  is  used) 
must  be  taken  into  consideration  ;  for  where  the  solution  used  is  so  highly 
dilute,  it  takes  indeed  a  measurable  quantity  of  it  to  impart  the  desired 
reddish  tint  to  the  amount  of  water  employed.  In  such  cases,  the  volume 
of  the  solution  of  iron  used  for  standardizing  the  permanganate  and  the 
volume  of  the  weak  ferruginous  solution  subjected  to  analysis  should  be 
the  same,  and  either  the  two  solutions  should  contain  about  the  same  quan- 
tity of  iron,  or,  by  means  of  a  special  experiment,  it  is  ascertained  how 
many  -f^  c.  c.  of  the  permanganate  are  required  to  impart  the  desired  pale 
red  color  to  the  same  volume  of  acidified  water.  In  the  latter  case,  these 
^  c.  c.  will  be  deducted  from  the  amount  of  permanganate  used  in  the 
regular  experiments. 

^.  Performance  of  the  Analytical  Process, 

This  has  been  fully  indicated  in  a.  The  compound  to  be  examined  is 
dissolved,  preferably  with  application  of  a  current  of  carbonic  acid  (see 
fig.  48,  p.  194),  in  water,  or  dilute  sulphuric  acid,  allowed  to  cool  in  the 
current  of  carbonic  acid,  and  suitably  diluted  (if  practicable,  the  solution 
of  a  substance  containing  about  0*2  grm.  ii-on  should  be  diluted  to  about 
200  c.  c.) ;  if  free  acid  is  not  yet  present  in  sufficient  quantity,  about 
20  c.  c.  of  dilute  sulphuric  acid  are  added,  and  then  standard  perman- 
ganate from  the  burette,  to  incipient  reddening  of  the  fluid.  The  volume 
of  standard  solution  used  is  then  read  off*.  The  strength  of  the  solution 
-  of  permanganate  being  known,  the  quantity  of  iron  present  in  the  examined 
fluid  is  found  by  a  very  simple  calculation.  Suppose  100  c.  c.  of  solution 
of  permanganate  of  potassa  to  correspond  to  0*98  grm.  iron,  and  25  c.  c. 
otxhe  solution  to  have  been  used  to  effect  the  oxidation  of  the  protoxide 
wiron  in  the  examined  compound ;  then 

(p  100  :  25  : :  0*98  :  x\  a:=0-245. 

fii     ^^  quantity  of  iron  originally  present  in  the  form  of  protoxide 
^  ?  •oionntod  accordingly  to  0-245  grm. 
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..     l^"  ;v.v*il  in  tin*  j»n.'x**iM.-»'  of  fn.'>:  liyflpHjIiloric  acid,  even  virezi  sulj-hurk 

1  ..«'iu*  was  i*iiiiiloy»'<l  for  <li.-,:vjlviii;^  or  acidifying.     He&o^  xhr  dii^:^ 

.  .  Iv.  wiH'u  the  r«'>ults  with  sulphuric  and  hyiii<x-h]orio  *cid  s.*!utioDi 
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^     riNN^'s*  M'.'tlnt'l  (n.MroinnR'nd«Ml  Huhs<*f|uenlly  by  ScHABrs). 

\\  lxu'l»iouiai<'  of  jxKiissa  is  add^-d  to  a  Htroiigly  acid  solution  o/prcrt- 
^^•,v«  A  xw^Ws  tlu*  hittt-r  is  oonvt?rt«rd  into  M'srjuioxide,  whilst  the  chromic 
I.  \  i  <-  uduiM'd  to sf.'»«iuioxide of  chromium  (0  Fe  0  +  2  Cr  0,=3  re,0,t 
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\o\\  ^M^h  0-1  is\,  bichromato  of  i)otassa=  14-759  grm.  dissolw  ti 
I  \.M'  !«r  fluid,  l^*'»  «'4.  =  I'i*''^  J^i'i"-  i*'<>"  '"".v  be  converted  from  tliestiH 

M,M«»Mdi'  to  tliiit  of  sesquiuxid*',  and  50  c.  c.  of  the  above  loliitui 

IvHv.p'*"'*  iiivonlingly  to  i}'^\  ?n'in.  iron. ^^ 

♦  Zoitnohrift  f.  amilyU  Chem.  1,  329.     See  also  36L 
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Care  must  be  taken  to  use  perfectly  pure  bichromate  of  potassa ;  the 
salt  is  heated  in  a  porcelain  crucible  until  it  is  just  fused;  it  is  thes 
allowed  to  cool  under  the  desiccator,  and  the  required  quantity  weighed 
oft*  when  cold.  Besides  the  above  solution,  another  should  also  be  pre- 
pared, ten  times  more  dilute,  and  containing  accordingly  0*01  eq.  of 
bichromate  of  potassa  in  the  litre. 

It  is  always  advisable  to  test  the  correctness  of  the  standard  solution 
of  bichromate  of  potassa,  by  oxidizing  with  it  a  known  amount  of  pure 
iron  dissolved  to  protoxide  (see  p.  194,  aa). 

The  analytical  process  is  performed  as  follows : — 

The  solution  of  protoxide  of  iron  is  sufficiently  diluted,  mixed  with  a 
sufficient  quantity  of  hydrochloric  or  dilute  sulphuiic  acid,  and  the 
standard  solution  of  bichromate  of  potassa  slowly  added  from  the  burette, 
the  liquid  being  stirred  all  the  while  with  a  thin  glass  rod.  The  fluid, 
"which  is  at  first  nearly  colorless,  speedily  acquires  a  pale  green  tint, 
which  changes  gradually  to  a  darker  chrome-green.  A  very  small  drop 
of  the  mixture  is  now  from  tim^,  to  time  taken  out  by  means  of  the 
stirring-rod,  and  brought  into  contact  with  a  drop  of  a  solution  of  ferri- 
cyanide  of  potassium  on .  a  porcelain  plate,  which  has  been  spotted  with 
several  of  such  drops.  When  the  blue  color  thereby  produced  begins  to 
lose  the  intensity  which  it  exhibited  on  the  first  trials,  and  to  assume  a 
paler  tint,  the  addition  of  the  solution  of  bichromate  of  potassa  must  be 
more  carefully  regulated  than  at  first,  and  towards  the  end  of  the  pro- 
cess a  fresh  essay  must  be  made,  and  with  larger  drops  than  at  first, 
after  each  new  addition  of  two  drops,  and  finally,  even  of  a  single  drop ; 
drops  must  also  be  left  for  some  time  in  contact  before  the  observation 
is  taken.  When  no  further  blue  coloration  ensues,  the  oxidation  is  ter- 
minated. From  the  remarkable  sensitiveness  of  the  reaction,  the  exact 
point  may  be  easily  hit  to  a  drop.  To  heighten  the  accuracy  of  the  re- 
sults, the  dilute  (ten  times  weaker)  standard  fiuid  should,  just  at  the 
end  of  the  process,  be  substituted  for  the  concentrated  solution  of  bichro- 
mate of  potassa. 

If  exactly  0*84  grm.  of  the  substance  to  be  analyzed  have  been  dis- 
solved, the  numbers  of  half  c.  c.  used  of  the  two  standard  fluids  show 
how  many  per  cents,  and  tenths  per  cent,  respectively  of  pure  iron  the 
analyzed  substance  contains  in  the  form  of  protoxide.  For  the  manner 
of  proceeding  in  presence  of  sesquioxide  of  iron,  I  refer  to  §  113.  If 
there  is  a  deficiency  of  free  acid  in  the  solution,  brown  chromate  of  ses- 
quioxide of  chromium  may  form,  upon  which  the  solution  of  protoxide 
of  iron  exercises  no  longer  a  deoxidizing  action. 

§113. 

6.  Sesquioxide  of  Iron. 

a.  Solution. 

Many  of  the  compounds  of  sesquioxide  of  iron  are  soluble  in  water. 
Pure  sesquioxide  of  iron  and  most  of  those  of  its  compounds  which  ai  6 
insoluble  in  water,  dissolve  in  hydrochloric  acid,  but  many  of  them  only 
slowly  and  with  difficulty  ;  compounds  of  this  nature  are  best  dissolved 
in  concentrated  hydrochloric  acid,  in  a  flask,  with  the  aid  of  heat ;  which, 
towever,  should  not  be  allowed  to  reach  the  boiling-point ;  the  compound 
must,  moreoveTi  be  finely  powdered,  and  even  -then  it  will  often  take 
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For  the  method  of  deterniiiiiiLg  the  total  amount  of  iron  present  in  s 
soluti  311  containing  both  protoxide  and  Kesquioxide  of  that  metal,  I  re^a 
to  §  113;  for  that  of  determining  the  amount  of  each  separatelj,  to 
Section  V. 

Note  on  tub  Determination  of  Iron  in  Htdrochlobic  Acid 
Solution  bt  the  foregoing  Method. 

The  foregoing  process  was  long  considered  to  be  the  most  conveuient 
and  best  for  the  estimation  of  iron.  Lowenthal  and  Lenssen*  have 
shown  that  in  solutions  containing  hydrochloric  acu/y  it  is  essential  that 
the  standardizing  of  the  reagent  and  the  actual  analysis  be  performed 
under  the  same  circumstances  as  regards  dilution,  amount  of  acid,  and 
temperature.  Besides  the  proper  reaction  10  Fe  0-f-Mn^07  =  5  Fe,0, 
+  2  Mn  O,  the  collatei-al  reaction  7  H  01  + Mn,  0^=6  Cl-|-2  Mn  C1+ 
7  1£  O  also  takes  place,  in  consequence  of  which  a  little  chlorine  is  hbe- 
i-ated.  This  chlorine  does  not  oxidize  the  protoxide  of  iron  in  the  caae 
of  considei'able  dilution,  but  there  occura  a  condition  of  equilibrium  in 
the  fluid  containing  protoxide  of  iron,  chlorine,  and  hydrochloric  acid, 
which  is  destroyed  by  addition  of  a  further  quantity  of  either  body 
(Lowkntual  and  Lenssen,  loc.  cit.).  But  since  it  is  difficult  to  preseite 
the  above  condition  of  obtaining  correct  results,  the  following  proceed- 
ing is  adoptA'd,  lu  presence  of  chlorine. 

Standardize  the  permanganate  by  means  of  iron  dissolved  in  dilate 
sulphuric  acid,  make  the  iron  solution  to  be  tested  up  to  ^  litre,  add  50 
c.  c.  to  a  large  quantity  of  water  acidified  with  sulphuric  acid,  add  pe^ 
manganate  from  burette,  then  agiiin  50  c.  c.  of  the  iron  solution,  permaih 
ganate  again,  Jcc,  (^^c.  The  numbers  obtained  at  the  third  and  foartk 
time  are  taken.  Tb(*se  are  constant,  while  that  obtained  the  first  tiiw^ 
and  sometimes  also  th<^  socond  time,  differs.  The  result  multiplied  btJ 
gives  exactly  the  quantity  of  permanganate  propoi*tioual  to  the  amount 
of  protoxide  of  iron  jjrest^nt. 

1  believe  that  the  reason  why  the  attention  of  analysts  was  not  pn?* 
viously  directed  to  the  iiiiportaiit  influence  of  hydrochloric  acid  intUs 
proci'ss,  lay  in  the  fact  that  it  was  not  customary  to  crystallize  the  pff* 
nian»;;anat(;  befon?  em[>loying  it — the  crude  solution,  which  contains  mucfc 
chloride  of  potassium,  being  used.  The  experiments  were  consequentlj 
j)erformed  in  the  presence  of  free  hydrochloric  acid,  even  when  sulphuiic 
acid  alone  was  (uiiployi^d  for  dissolving  or  acidifying.  Hence  the  differ- 
ences botwei^n  the  results  with  sulphuric  and  hydrochloric  acid  solutiod 
were  not  so  large  as  they  are  now,  when  we  work  with  the  pure  porman- 
ganate. 

6.  Penny^s  Method  (recommended  subsequently  by  ScHABUs). 

If  bichromate  of  potassa  is  added  to  a  strongly  acid  solution  o/ prot- 
oxide of  iron,  the  latt<»r  is  convei-ted  into  sesquioxide,  whilst  the  chromic 
acid  is  rt^duced  to  sesquioxide  of  chromium  (6  Fe  0+2  Cr  0,=3  F^O^f 

Now,  with  0*1  eq.  bichromate  of  potassa=  14*759  grm.  dissolved  tl 
1  litre  of  fluid,  O'G  eq.  =  IG'8  grm.  iron  may  be  converted  from  theitato 
of  protoxide  to  that  of  sesquioxide,  and  50  c.  c.  of  the  above  Bohitioi 
correspond  accordingly  to  0*84  grm.  iron. 

*  Zeitschrift  f.  analyt.  Chem.  1,  329.     See  also  36L 


§  113.]  SESQUIOZIDE  OF  IBOK.  19S 

Care  must  be  taken  to  use  [)crfectly  pure  bichromate  of  potassa ;  the 
salt  is  heated  in  a  porcelain  crucible  until  it  is  just  fused;  it  is  thes 
allowed  to  cool  under  the  desiccator,  and  the  required  quantity  weighed 
oft*  when  cold.  Besides  the  above  solution,  another  should  also  be  pre- 
pared, ten  times  more  dilute,  and  containing  accordingly  0*01  eq.  of 
bichromate  of  potassa  in  the  litre. 

It  is  always  advisable  to  test  the  correctness  of  the  standard  solution 
of  bichromate  of  potassa,  by  oxidizing  with  it  a  known  amount  of  pure 
iron  dissolved  to  protoxide  (see  p.  194,  aa). 

The  analytical  process  is  performed  as  follows : — 

The  solution  of  protoxide  of  iron  is  sufficiently  diluted,  mixed  with  a 
sufficient  quantity  of  hydrochloric  or  dilute  sulphuiic  acid,  and  the 
standard  solution  of  bichromate  of  potassa  slowly  added  from  the  burette, 
the  liquid  being  stiiTcd  all  the  while  with  a  thin  glass  rod.  The  fluid, 
which  is  at  first  nearly  colorless,  speedily  acquires  a  pale  green  tint, 
wliich  changes  gradually  to  a  darker  chrome-green.  A  very  small  drop 
of  the  mixture  is  now  from  tim^,  to  time  taken  out  by  means  of  the 
stirring-rod,  and  brought  into  contact  with  a  drop  of  a  solution  of  ferri- 
cyanide  of  potassium  on .  a  porcelain  plate,  which  has  been  spotted  with 
several  of  such  drops.  When  the  blue  color  thereby  produced  begins  to 
lose  the  intensity  which  it  exhibited  on  the  first  trials,  and  to  assume  a 
paler  tint,  the  addition  of  the  solution  of  bichromate  of  potassa  must  be 
more  carefully  regulated  than  at  first,  and  towards  the  end  of  the  pro- 
cess a  fresh  essay  must  be  made,  and  with  larger  drops  than  at  first, 
after  each  new  addition  of  two  drops,  and  finally,  even  of  a  single  drop ; 
drops  must  also  be  left  for  some  time  in  contact  before  the  observation 
is  taken.  When  no  further  blue  coloration  ensues,  the  oxidation  is  ter- 
minated. From  the  remarkable  sensitiveness  of  the  reaction,  the  exact 
point  may  be  easily  hit  to  a  drop.  To  heighten  the  accuracy  of  the  re- 
sults, the  dilute  (ten  times  weaker)  standard  fluid  should,  just  at  the 
end  of  the  process,  be  substituted  for  the  concentrated  solution  of  bichro- 
mate of  potassa. 

If  exactly  0*84  gnn.  of  the  substance  to  be  analyzed  have  been  dis- 
solved, the  numbers  of  half  c.  c.  used  of  the  two  standard  fluids  show 
how  many  per  cents,  and  tenths  per  cent,  respectively  of  pure  iron  the 
analyzed  substance  contains  in  the  form  of  protoxide.  For  the  manner 
of  proceeding  in  presence  of  sesquioxide  of  iron,  I  refer  to  §  113.  If 
there  is  a  deficiency  of  free  acid  in  the  solution,  brown  chromate  of  ses- 
quioxide of  chromium  may  form,  upon  which  the  solution  of  protoxide 
of  iron  exercises  no  longer  a  deoxidizing  action. 

§113. 

6.  Sesquioxide  of  Iron. 

a.  SoltUian, 

Many  of  the  compounds  of  sesquioxide  of  iron  are  soluble  in  water. 
Pure  sesquioxide  of  iron  and  most  of  those  of  its  compounds  which  ai  e 
insoluble  in  water,  dissolve  in  hydrochloric  acid,  but  many  of  them  only 
slowly  and  with  diflSculty ;  compounds  of  this  nature  are  best  dissolved 
in  concentrated  hydrochloric  acid,  in  a  flask,  with  the  aid  of  heat ;  which. 
However,  should  not  be  allowed  to  reach  the  boiling-point ;  the  compound 
must,  moreoveTi  be  finely  powdered,  and  even  -then  it  will  often  take 
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many  hours  to  eflfect  complete  solution.  Iron  ores  inflolublc  in  hydrOi 
chloric  acid  are  treated  like  the  corresponding  compounds  of  piotoxidi 
of  iron  [best  by  fusion  with  carbonate  of  sodaj. 

6.  Deter rainatign, 

Sesquioxide  of  iron  is  usually  weighed  as  such,  but  sometimeH  as  sul- 
phide (§  81 ).  It  may,  however,  be  estimated  also  indirectly,  and  also  by 
volumetric  analysis,  both  directly  and  after  reduction  to  protoxide.  The 
conversion  of  compounds  of  iron  into  sesquioxide  is  effected  either  by 
precipitation  as  hydi-ated  sesquioxide,  pi*eceded  in  some  cases  by  precipi- 
tation as  sulphide  of  iron,  or  as  succinate  or  basic  acetate  or  basic 
formiate  of  seaquioxide  of  iron ;  or  by  ignition.  While  the  volumetric 
and  the  now  seldom-used  indirect  methods  are  applicable  in  almost  all 
cases,  we  may  convert  into 

1.  Sesquioxide  of  Iron. 

a.  By  JPrecipitcUion  as  Ifydrated  Sesquioxide, 

All  salts  soluble  in  water  with  inorganic  or  volatile  organic  acids,  and 
likewise  those  which,  insoluble  in  water,  dissolve  in  hydrochloric  acid, 
with  separation  of  their  acid. 

b.  By  Precipitation  as  Sulphide  of  Iron, 
All  compounds  of  iron  without  exception. 

c.  By  Precipitation  as  Succinate  of  Sesquioxide  ofJiron/  and 

d.  By  Precipitation  as  Basic  Acetate  or  Formiate  of  Sesqn^ 

oxide  of  Iron, 

The  compounds  enumerated  sub  a, 

e.  By  Ignition, 

All  salts  of  sesquioxide  of  iron  with  volatile  oxygen  acids. 

2.  Sulphide  op  Iron. 

All  compounds  of  iron  without  exception. 

The  method  1,  c,  is  the  most  expeditious  and  accurate,  and  is  there- 
fore preferred  in  all  cases  where  its  application  is  admissible.  The 
method  1,  a,  is  the  most  generally  used.  The  methods  1,  ft,  and  2, 
serve  priTici[)ally  to  effect  the  sopai-ation  of  the  sescjuioxide'  of  iron  from 
other  bases ;  they  arc  resorted  to  also  in  certain  instances  where  a  iA  in- 
apf)licable,  especially  in  cas^s  whore  sugar  or  other  non-volatile  organic 
Bubstiinces  ani  ]>rosent ;  and  also  to  estimate  the  sesquioxide  of  iron  in 
its  compounds  with  pliosphoric  acid  and  boracic  acid.  The  methods  1, 
c  and  I,  d  are  used  exclusively  in  sej^arations.  For  the  manner  of  de- 
termining tlm  sesquioxide  of  iron  in  the  chromate  and  silicate,  I  refer 
to  §§  130  and  140.  The  volumetric  methods  for  estimating  the  sesqui- 
oxide  are  used  in  technical  experiments  almost  to  the  exclusion  of  afl 
others,  and  are  very  fi*e<iuently  employed  in  scientific  analyses. 

1,  Bcterminatum  as  Sesqui/Kcide  of  Iron. 

a.  By  Prfinpitation  as  Ifydrated  Sesquioxide, 
Mix  the  solution  in  a  dish  or  beuker  with  ammonia  in  nrnnM^  liMt 
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nearly  to  boiling,  decant  repeatedly  on  to  a  filter,  wash  the  precipitate 
carefvUy  with  hot  water,  dry  thoroughly  (which  very  greatly  reduces 
the  bulk  of  the  precipitate),  and  ignite  in  the  manner  directed  in  §  53. 
For  the  properties  of  the  precipitate  and  residue,  see  §  81.  The 
method  is  free  from  sources  of  error.  The  precipitate,  under  all  circum- 
stances, even  if  there  are  no  fixed  bodies  to  be  washed  out,  must  be  most 
carefvUy  and  thoroughly  washed,  since,  should  it  retain  any  traces  of 
chloride  of  ammonium,  a  portion  of  the  iron  would  volatilize  in  the  form 
of  sesquichloride.  It  is  also  highly  advisable  to  dissolve  the  weighed 
residue,  or  a  poi*tion  of  it,  in  strong  hydrochloric  acid,  to  see  whether  it 
is  quite  free  from  silicic  acid.  r 

b.  Sy  PredpitcUion  as  Sulphide  of  Iron, 

The  solution,  in  a  not  too  large  flask,  is  mixed  with  ammonia,  till  all 
the  free  acid  is  neutralized.  (In  the  absence  of  organic,  non- volatile 
substances  this  leads  to  the  precipitation  of  a  little  hydrated  sesquioxide, 
which,  however,  is  of  no  consequence.)  Add  chloride  of  ammonium,  if 
not  already  present  in  sufficient  quantity,  then  colorless  or  yellowish  sul- 
phide of  ammonium  in  moderate  excess,  lastly  water,  till  the  fluid  reaches 
to  the  neck  of  the  flask.  Cork  it  up  and  stand  in  a  warm  place  till  the 
precipitate  has  subsided,  and  the  supernatant  fluid  has  a  clear  yellowish 
appearance  (without  a  tinge  of  green).  Wash  as  directed  in  the  case  of 
sulphide  of  manganese  (§  109, 1,  c).  Neglect  of  any  of  thes^  precautions 
will  occasion  some  loss  of  substance,  the  sulphide  of  iron  gradually  com- 
bining with  the  oxygen  of  the  air,  and  passing  thus  into  the  filtrate  as 
protosnlphate.  As  this  sulphate  is  reprecipitated  by  the  sulphide  of 
ammonium  present,  the  filtrate  assumes,  in  such  cases,  a  greenish  color, 
and  gradually  deposits  a  black  precipitate,  the  separation  of  which  is 
highly  promoted  by  addition  of  chloride  of  ammonium.  [See  remarks 
in  []  §  81,  5,  c.  p.  122.] 

When  the  operation  of  washing  is  completed,  the  moist  precipitate  (if 
it  is  not  dried  and  determined  according  to  2)  is  put,  together  with  the 
filter,  into  a  beaker,  some  water  added,  and  then  hydrochloric  acid,  until 
the  whole  is  redissolved.  Heat  is  now  applied,  until  the  solution  smells 
no  longer  of  sulphuretted  hydrogen ;  the  fluid  is  then  filtered  into  a 
flask,  the  residual  paper  carefully  washed,  and  the  filtrate  oxidized  by 
heating  with  nitric  acid  (see  §  112,  1) ;  the  oxidized  solution  is  finally 
precipitated  with  ammonia,  as  in  a. 

If  a  solution  of  potassio-,  sodio-,  or  ammonio-tartrate  of  sesquioxide  of 
iron  contains  a  considerable  excess  of  alkaline  carbonate,  the  precipitation 
of  the  iron  as  sulphide  is  prevented  to  a  greater  or  less  extent  (Blumenau). 
In  such  cases  the  fluid  must  therefore  be  nearly  neutralized  with  an  acid, 
before  the  precipitation  with  the  sulphide  of  ammonium  can  be  eflected. 

c.  Hy  JPrecipitation  as  Succinate  of  Sesquioxide  of  Iron, 

The  solution,  in  a  flask,  is  mixed  with  very  dilute  ammonia,  drop  by 
drop,  until  a  small  portion  of  the  iron  precipitates  in  the  form  of  hydrated 
lesquioxide ;  a  gentle  heat  is  then  applied,  to  ascertain  whether  or  not 
the  precipitate  will  redissolve.  If  it  redissolves,  the  addition  of  dilute 
•mmonia  is  continued,  until  the  application  of  heat  fails  to  redissolve  the 
precipitate  formed.  If  it  remains  undissolved,  and  the  fluid  still  exhibits 
ft  brownish  red  color,  all  the  preliminary  conditions  requisite  for  pre- 
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cipitation  with  saccinatt.  ^f  ammonia  are  fulfilled.  But  should  the  fluid 
appear  colorless,  this  is  a  sign  that  too  much  ammonia  has  been  added 
in  which  cus«  it  will  be  necessary  to  add  a  small  portion  of  hydrochloric 
acid,  and  then  again  some  ammonia,  until  the  desired  point  is  attained. 
To  the  fluid  thus  prepared  is  now  added  a  perfectly  neutral  soludon  of 
succinate  of  ammonia,  as  long  as  a  precipitate  forms ;  a  gentle  heat  ii 
then  a[)plied,  and  the  fluid  allowed  to  cool ;  when  perfectly  cold  it  ii 
filtered,  and  the  precipitate  washed,  firat  with  cold  water,  finally  with 
warm  ammonia — which  oi)eration,  depriving  the  precipitate  in  a  very 
great  meiisure  of  its  acid,  imparts  a  darker  tint  to  it.  The  washed  pre- 
cipitato  is  dried  u[)on  the  filter  in  the  funnel,  and  then  converted  into 
sosquioxide  of  iron,  by  ignition  (§  53).  The  object  of  washing  the  pre- 
cipitate >^dth  ammonia  is  to  remove  part  of  the  acid,  sinoe,  were  the  pre- 
cipitate simply  washed*  with  water,  a  portion  of  the  sesquioxide  of  iron 
might  sufler  reduction  upon  the  subsequent  ignition  of  the  succinate.  U 
there  is  reason  to  apprehend  that  this  has  actually  taken  pla«:e,  some 
nitric  acid  is  added  to  the  precipitate,  evaporated,  and  the  ignition  re- 
peated. For  the  properties  of  the  precipitate,  see  §  81.  The  results  ire 
accurate. 

d,  Dy  Precipitation  as  JSasic  Acetate  of  Seaquioaeide  of  Inm, 

Mix  the  solution  of  sesquioxide  of    iron  [containing  not  more  than 
1  grm.  of  oxide  to  \  litre]  in  a  flask,  if  it  contains  much  free  acid,  with 
carbonate  of  soda  or  ammonia  until  the  acid  is  neai'ly  neutralized ;  tben 
add  to  the  solution  which  Ls  still  clear,  but  already  of  a  deep  red  color, 
neutral  acetate  of  soda  or  of  ammonia,  and  a  few  drops  of  acetic  add  in 
sli(<;hb  excess ;  and  boil  till,  on  removing  the  lamp,  the  precipitate  settlei 
clear.     Wash  repeatedly  by  boiling  and  decantation,  and  finally  on  the 
filter  with  boiling  water,  which  should  contain  a  little  acetate  of  anuno- 
nia;    dry,  ignite   (s^  03),  and  weigh   the  sesquioxide  obtained.     It  is 
advisable  to  add  a  few  drops  of  nitric  acid  to  the  residue,  evaporate,  and 
ignite  again,  to  see  whether  the  weight  remains  constant,     llie  residue 
must  show  no  alkaline  reaction  when  moistened  with  water.     The  results 
are  accurate.     It  is  often  preferable  to  dissolve  the  precipitate  of  the 
basic  acetate  in  hydrochloric  acid,  and  to  precipitate  the  solution  accord 
iug  to  a  [see  also  Keichardt's  method],  §  81,  e.     The  formiates  of  soik 
and  ammonia  may  be  advantageously  substituted  for  the  acetates  as  pre- 
cipitauts  (§  81,/'). 

e,  Jly  Ignition. 

Expose  the  compound,  in  a  covered  crucible,  to  a  gentle  heat  at  fint» 
and  gi*adually  to  the  highest  degree  of  intensity ;  continue  the  operatki 
until  the  weight  of  the  residuary  sesquioxide  of  iron  remains  constauL 

2.  Determination  as  AnJn/drous  Sulphide  of  Iron. 

The  hydnited  8ulj)hide  of  iron  obtained,  as  in  1,  6,  may  be  very  cot* 
veniently  detfTmined  by  conversion  into  the  anhydrous  sulphide.  H* 
process  is  the  same  as  for  zinc  (§  108,  2).  The  heat  to  which  it  isfinaUj 
exposed  in  the  current  of  hydrogen  must  be  strong,  as  an  excess  of  wl* 
phu!'  is  retained  with  some  obstinacy.  In  fact,  it  is  advisable  tte 
weighing  to  re-ignite  in  hydrogen  and  weigh  a  second  time.  It  is  of  Bi 
imj>ortance  if  the  hydrated  sulphide  has  oxidized  on  drying. 

Protosulphate  and  sesquioxide  of  iron  can  be  transformed  into  nl* 
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phide  in  the  same  manner,  after  liaving  been  dehydrated  by  igniiion  in 
a  porcelain  crucible  (H.  Rose  *). 

The  results  obtained  by  Oesten,  and  adduced  by  KosE,  as  well  as  those 
obtained  in  my  own  laboi-atory,  are  exceedingly  satisfactory.  (£xpt. 
No.  75.) 

3.  Determination  hy  Volumetric  Analj/sis, 

a.  Preceded  hy  JReduction  of  the  jSesquioxide  to  Protoxide, 

The  volumetric  methods  which  come  under  this  head  are  based  upon 
the  reduction  of  the  sesquioxide  to  protoxide,  and  the  estimation' of  the 
latter.  We  have,  accordingly,  to  occupy  ourselves  simply  with  the 
reduction  of  the  solution  of  the  sesquioxide,  the  other  part  of  the  pro- 
cess having  been  fully  discussed  in  §  112  (Protoxide  of  Iron).  The 
reduction  of  sesquioxide  of  iron  can  be  effected  by  many  substances 
(zinc,  protochloride  of  tin,  sulphuretted  hydrogen,  sulphurous  acid,  (fee), 
but  only  those  can  be  used  with  advantage,  an  excess  of  which  may  be 
added  with  impunity.  If  an  excess  must  be  very  carefully  avoided,  or, 
being  added,  muiit  be  carefully  removed,  the  method  becomes  trouble- 
some, and  a  ready  source  of  inaccuracy  is  introduced.  On  these  grounds, 
although  its  action  is  somewhat  slow,  zinc,  unquestionably,  deserves  the 
preference  before  all  other  reducing  agents. 

Heat  the  hydrochloric  or  sulphuric  acid  solution,  which  must  contain 
a  moderate  excess  of  acid,  but  be  free  from  nitric  acid,  in  a  small  long- 
necked  flask,  placed  in  a  slanting  position ;  drop  in  small  pieces  of  iron- 
free  zinc  (§  60),  and  conduct  a  slow  current  of  carbonic  acid  through 
the  flask  (fig.  48,  p.  194).  Evolution  of  hydrogen  gas  begins  at  once, 
and  the  color  of  the  solution  becomes  paler  in  proportion  as  the  sesqui- 
oxide changes  to  protoxide.  Apply  a  moderate  heat,  to  promote  the 
action  ;  and  add  also,  if  necessary,  a  little  more  zinc.  As  soon  as  the 
hot  solution  is  completely  decolorized  (one  cannot  judge  of  the  perfect 
deoxidation  of  a  cold  solution  so  well,  as  the  color  of  the  sesquichloride 
of  iron  is  deeper  in  the  heat),  allow  to  cool  completely  in  the  stream  of 
carbonic  acid ;  to  hasten  the  cooling  the  flask  may  be  immersed  in  cold 
water ;  then  dilute  the  contents  with  water,  pour  off  and  wash  carefully 
into  a  beaker,  leaving  behind  any  undissolved  zinc,  and  also  (as  far  as 
possible)  any  flocks  of  lead  that  may  have  separated  from  the  zinc,  and 
proceed  as  directed  in  §  1 12,  2.  If  the  solution  contains  metals  precipi- 
table  by  zinc,  these  will  separate,  and  may  render  filtration  necessary. 
In  this  case  the  filtrate  must  be  again  heated  with  zinc  before  using  the 
standard  solution.  If  iron-free  zinc  camiot  be  procured,  the  percentage 
of  iron  in  the  metal  used  must  be  determined,  and  weighed  portions  of 
it  employed  in  the  process  of  reduction  ;  the  known  amount  of  iron  con- 
tained in  the  zinc  consumed  is  then  subtracted  from  the  total  amount  of 
iion  found. 

[6.    Without  Previous  JReduction   to  Protoxide,     Oudemans' 
]ifethod.\ 

The  principle  consists  in  adding  a  reducing  agent  to  the  solution  till 
the  sesquioxide  is  entirely  converted  into  protoxide,  and  then  determin* 
ing  the  amount  of  the  reducing  agent  used. 


^  Fogg,  AnnaL  110,  126.  t  Fresenios'  Zeitschrift,  YL  189. 
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This  metliod  de))end8  upon  the  fact  that  hyposulphite  of  Boda  may  re- 
duce sesquioxidc  of  iron  to  protoxide  in  accordance  with  the  equation 
Fe,  Cln  +  2  (Na  0,S,  O,)  =  2  Fe  CI  +  Na  O,  S^  O5  +  Na  CI.  In  order 
that  this  reaction  serve  for  analytical  purposes  it  is  necessary,  1,  that  a 
certain — not  too  great — proportion  of  free  acid  be  present ;  2,  that  the 
iron  solution  be  rather  concentrated ;  and,  3,  that  a  minute  amount  of 
sohition  of  a  salt  of  protoxide  of  copper  be  present,  which  acts  to  truu- 
fer  oxygen  from  the  iron  to  the  hyposulphite,  being  reduced  by  the  bt- 
ter  to  suboxide  and  carried  again  to  protoxide  by  the  aesquisalt  of  uod. 
We  require : — 

a.  A  Solution  of  IIypo8uLphiie  of  Soda. 

This  may  be  made  by  dissolving  25  grm.  of  the  purest  oommerdal 

salt  in  1  litre  of  water. 

6.  A  Standard  Solution  of  a  Sesquisalt  of  Iron. 

This  is  prepared  by  dissolving  5*617  grm.  of  fine  piano-wire,  assumed 
to  contain  99*7  per  cent,  of  iron,  in  hydrochloric  acid  in  a  slanting  long- 
necked  flask,  oxidizing  the  solution  with  chlorate  of  potassa,  removing 
the  excess  of  chloiine  by  protracted  gentle  boiling,  and  finally  diluting 
the  solution  to  1  litr6;  or  by  dissolving  24*1  grm.  of  pure  amimnnM, 
iron-alum  (see  p.  93)  in  1  litre  of  water. 

c.  A  Solution  of  SuIpIuUe  of  Copper  containing,  say,  10  per  cent  of 
the  crystallized  salt. 

d,  A  Solution  of  Sulphocyanide  of  Potassium, 

The  standard  of  the  hjqiosulphite-solution  must  be  fixed  by  aid  of  tb 
accurately  prepared  ii'on-solution,  as  follows : — 

20  c.c.  of  the  iron-solution  are  measured  into  a  small  flask  or  beaker,  well 
acidified  with  hydrochloric  acid  ;  one  drop  of  the  copper  solution  is  added, 
and  enough  sulphocyanide  to  make  the  liquid  of  a  deep  red  color.  The  hy- 
posulphite (about  20 c.c.)  is  added  from  a  burette,  rapidly  at  first, afl«^ 
wards  slowly  and  cautiously,  until  the  red  color  is  discharged.  The  iron- 
solution  may  be  warmed  to  40°  C  whereby  the  reaction  is  accelerated. 

When  the  iron-solution  is  dilute,  the  reaction  proceeds  with  incon- 
venient slowness,  but  after  some  practice  the  results  are  good.  From 
the  number  of  c.  c.  of  the  hyposulphite  solution  required  to  reduce  a 
known  quantity  of  sesquioxide  of  ii*on,  taking  the  mean  of  a  number  of 
neaily  accordant  observations,  may  be  calculated  the  quantity  of  sesqui- 
oxide of  iron,  or  of  metHllic  iron,  corresponding  to  1  c.  c.  of  hyposulphite, 
and  this  factor,  multiplied  into  the  number  of  c.  c.  consumed  in  any 
analysis,  gives  the  quantity  of  sesquioxide  of  iron  or  of  metallic  iron 
sought. 

The  solution  of  the  iron  which  it  is  desired  to  estimate  is  conducted 
as  described  for  making  the  standard  b.  It  must  be  free  from  nitric 
acid  and  oxides  of  clilorine ;  should  be  kept  rather  concentrated,  as  t 
matter  of  eouvenicinre  for  rapid  working,  and  should  contain  a  moderate 
amount  of  fnic  hydrochloric  acid.  The  analysis  is  conducted  as  just 
described  for  the  standardizing. 

The  solution  of  hyi)osulphito  alters  slowly  with  deposition  of  sulphnr, 
and  its  value  must  be  determined  anew  every  week  or  two. 

The  proooss  is  convenient  and  excellent,  though  not  so  good  for  tkl 
estimation  of  minute  quantities  of  iron  as  the  method  with  permanganatei] 
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§  114. 

Supplement  to  the  Fo^i/rth  Ghoup, 

7.  Sesquioxide  of  Uranium. 

If  the  compound  in  which  the  sesquioxide  of  uranium  is  to  be  deter- 
mined contains  no  other  fixed  substances,  it  may  often  be  convei-ted  into 
protosesquioxide  (Ur  O,  JJv^  O3)  by  simple  ignition.  If  sulphuric  acid 
is  present,  small  portions  of  carbonate  of  ammonia  must  be  thrown  into 
the  crucible  towards  the  end  of  the  operation. 

In  cases  where  the  application  of  this  method  is  inadmissible,  the  solu- 
tion of  uranium  (which,  if  it  contains  protoxide,  must  fii^st  be  warmed 
with  nitric  acid,  until  the  protoxide  is  converted  into  sesquioxide)  is 
precipitated  with  ammonia.  The  yellow  precii)itate  formed,  which  con- 
sists of  hydrated  aminonio^esquioxide  of  uranium^  is  washed  with  a 
dilute  solution  of  chloride  of  amraonium,'t;o  prevent  the  fluid  passing 
milky  through  the  filter.  The  precipitate  is  dried  and  ignited  ^§  53). 
To  make  quite  sure  of  obtaining  the  protosesquioxide  in  the  pure  state, 
the  crucible  is  ignited  for  some  time  in  a  slanting  position  and  uncovered ; 
the  lid  is  then  put  on,  while  the  ignition  is  still  continuing ;  the  cruci- 
ble is  allowed  to  cool  under  the  desiccator,  and  weighed  (H.  Rose). 

If  the  solution  from  which  the  sesquioxide  of  uranium  is  to  be  pre- 
cipitated contains  other  bases  (alkaline  earths,  or  even  alkalies),  portions 
of  these  will  precipitate  along  with  the  ammonio-sesquioxide  of  uranium. 
For  the  measures  to  be  resorted  to  in  such  cases,  I  refer  to  Section  V. 

The  reduction  of  the  protosesquioxide  of  uranium  to  the  state  of 
protoxide  (Ur  O)  is  an  excellent  means  of  ascertaining  its  purity  for  the 
purpose  of  control.  This  reduction  is  eftected  by  ignition  in  a  current 
of  hydrogen  gas,  in  the  way  described  §  111,  1  (Cobalt).  By  intense 
ignition,  the  property  of  the  protoxide  of  uranium  to  ignite  in  the  air  is 
destroyed.  The  separation  of  sesquioxide  of  uranium  from  phosphoric 
acid  is  effected  by  fusing  the  compound  with  cyanide  of  potassium  and 
carbonate  of  soda.  Upon  extracting  the  fused  mass  with  water,  the 
phosphoric  acid  is  obtained  in  solution,  whilst  the  uranium  is  left  as 
protoxide.     Knop  and  Arendt  *  have  employed  this  method. 

The  equivalent  of  protosesquioxide  of  uranium  =  210*2,  viz.,  178'2  of 
uranium  and  32  of  oxygen.  In  100  parts,  the  compound  consists  of 
84*77  of  uranium  and  15*23  of  oxygen.  The  equivalent  of  protoxide 
of  uranium  is  67'4,  viz.,  59*4  of  uranium  and  8  of  oxygen  ;  in  IOC 
parts,  the  protoxide  consists  of  88*13  of  uranium  and  11'87  of 
oxygen. 

FIFTH   GROUP. 

OXIDE  OF  SILVER — OXIDE  OF  LEAD— ^SUBOXIDE  OF  MERCURY — OXIDE  OF 
MERCURY — OXIDE  OF  COPPER — TEROXIDE  OF  BISMUTH — OXIDE  OF  CAD- 
MIUM— (protoxide  of  palladium). 

§  115. 
1.  Oxide  of  Silver. 
a.   Solution. 

Metallic  silver,  and  those  of  its  compounds  which  are  insoluble  in 
water  are  best  dissolved  in  nitric  acid  (if  soluble  in  that  acid).  Dilute 
nitric  acid  suffices  for  most  compounds ;  sulphide  of  silver,  however, 

♦  Chem.  CentralbL  1856,  773. 
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qtiirefl  concentrated  acid.  The  solution  is  effected  best  in  a  flasik.  Chl» 
nile,  broiuidp,  and  iodide  of  Hilver  are  insoluble  in  water  and  iu  nitric 
acid.  To  get  the  silver  contained  in  them  in  solution,  proceed  as  fol- 
lows : — fuse  tlio  ssdt  iu  a  porcelain  crucible  (this  operation,  though 
not  absolutely  indispensable,  had  better  not  be  omitted),  pour  water 
over  it,  put  a  pioco  of  clean  zinc  or  iron  upon  it,  and  add  some  dilute 
sulphuric  acid.  Wash  the  reduced  spongy  silver,  first  with  dilute  sul- 
pliuric  acid,  then  with  water,  and  finally  dissolve  it  in  nitric  acid.  How- 
ever, as  we  shall  sec  below,  the  quantitative  analysis  of  these  salts  doef 
not  necessaiily  involve  their  solution. 

b.  Determination. 

Silver  may  be  weighed  as  Moridey  sulphidej  or  eyanidsj  or  in  the 
metallic  state  (§  82).  It  is  also  frequently  determined  by  Yolumetri« 
analysis. 

We  may  convert  into 

1.  Chloride  op  Silver. 

All  compounds  of  silver  without  exception. 

2.  Sulphide  op  Silver.     3.  Cyanide  of  Silver. 
All  compounds  soluble  in  water  or  nitric  acid. 

4.  Metallic  Silver. 

Oxide  of  silver,  and  some  of  its  compounds  with  readily  volatile  acidi; 
salts  of  silver  with  organic  acids ;  chloride,  bromide,  iodide,  and  sulphide 
of  silver. 

The  method  4  is  the  most  convenient,  and  is  preferred  to  the  others  in 
all  cas(>s  where  its  a])])lication  is  admissible.  The  method  1  is  thifc 
most  jT(»nerally  resortf^l  to.  2  and  3  serve  mostly  only  to  effect  the 
s<'|»Jir!tti')ii  of  oxide  of  silver  from  other  bases. 

In  assays  for  tlie  Mint,  silver  is  usually  determined  volumetrically  hf 
G.vy-Lt'ssv's  method.  Pisaxi's  volumetric  method  is  especially  snit«d 
to  the  <l^;tonniu:iti()n  of  very  small  quantities  of  silver.  The  estimauoo 
of  silver  hy  cnpollatiou  will  he  described  in  the  Special  Part. 

1.  J)etermlnnflon.  of  Silver  as  Chlori<1e, 

a.   In  the  Wet   W<ty, 

The  ])rocipitjito(l  chloride  of  silver  may  be  separated  from  the  snpff- 
natant  fluid  oitlu^r  by  deoant-ation  or  by  filtration  ;  the  former  is  gew- 
rally  f)n*f«'nv(l  for  lar«j;e  quantities  of  precipitate,  the  latter  answers 
butter  fnr  small  qnaiititi<^s.  Whichever  process  is  adopted,  the  cliloricfe 
of  silver  iiuist  l)(i  coinpl('t(^ly  protected  from  the  influence  of  direct  son* 
\vi}\U  :ind  ev(>ti  th()  action  of  diifused  daylight  must  be  as  far  as  possible 
avoidrd. 

«.    jyrtrrminnf.ion  hy  Dcmnfation, 

The  niodjM'ati'ly  dilute  silver-solution  is  introduced  into  a  taU  fltfk 
with  lon;^  niM-k  nnd  narrow  mcmth,  and  some  nitric  acid  added  to  it; the 
ihiid  is  hi'jiti'd  to  ahont  <>()'',  and  hvdrochlonc  acid  carefully  added iA 
Bu<^h  (plant ity,  that  snnie  silver  still  remains  unprecipitated,  and  thfi 
('hlorid«!  MMj»jin»t<iM  in  (vnisivpuMiee  in  large  flocks.  Aftor  their  formation 
has  b«MMi  ('nMij)I''t^'(|  hy  i^cMitly  niovin;;  t!ie  fluid,  add  cautiously  mw* 
hydrorhh»ri('  ju'id,  till  the  last  drops  give  no  further  precipitate  (a cot* 
sidenihin  oxci'MH  KJi'Hild  bo  avoided,  as  hydrochloiic  acid  dissolves  toJ 
Buiall  tracers  of  c^hloridu  of  silver).     The  mouth  of  the  flask  is  thfli 
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led  with  ft  perfectly  smooth  cork  (or,  better  still,  with  a  well-gronnd 
»  stopper),  and  the  flask  vigorously  shaken  until  the  precipitated 
iride  of  silver  has  united  into  coherent  lumps,  and  the  supernatant 
d  has  become  pretty-  clear.  The  chloride  adhering  to  the  neck  of 
flask  is  then  removed  by  agitating  the  clear  fluid,  and  the  last  traces 
washed  down  by  means  of  a  wash-bottle ;  the  flask  is  then  allowed 
itand  at  rest  for  twelve  hours  in  a  dark  place  at  the  ordinary  tem- 
iture.  At  the  end  of  this  time  the  precipitate  will  have  completely 
sided  and  the  fluid  will  be  clear.  The  latter  is  then  slowly  and  cau* 
isly  decanted,  as  far  as  practicable,  into  a  beaker,  so  as  to  retain 
ry  particle  of  the  chloride  in  the  flask,  whence  it  is  carefully  trans- 
ed  to  an  upright  smooth  porcelain  crucible  that  has  been  weighed  : 
last  particles  of  chloride  of  silver  are  got  out  by  putting  a  little 
er  in  the  flask,  closing  the  mouth  with  the  flnger,  inverting,  and 
;ing  the  sides  and  bottom  by  agitation.  The  particles  thus  collect 
the  neck,  and  can  easily  be  transferred  to  the  crucible,  by  holding 
mouth  of  the  flask  close  over  the  latter,  and  letting  the  fluid  run 
;  a  washing  bottle  with  the  jet  turned  upwards  (§  46)  may  also  be 
i  with  advantage. 

Vhen  the  chloride  of  silver  has  completely  subsided  in  the  crucible, 
ch  is  greatly  accelerated  by  exposure  to  the  heat  of  a  water-bath,  the 
.r  supernatant  fluid  is  carefully  decanted  down  a  glass  rod  into  the 
e  beaker  which  contains  the  liquid  of  the  first  decantation.  The 
)ride  of  silver  in  the  crucible  is  moistened  with  a  few  drops  of  nitric 
I,  and  then  treated  with  hot  distilled  water  ;  the  chloride  is  again  al- 
ed  to  subside,  the  clear  supernatant  fluid  again  decanted,  and  the 
le  operation  repeated  until  a  drop  of  the  last  decanted  fluid  no  longer 
ss  the  slightest  turbidity  with  nitrate  of  silver.  The  supernatant 
d  is  then  i*emoved  as  completely  as  possible  by  means  of  a  pipette,  or 
cautious  decantation ;  the  chloride  is  thoroughly  dried  on  the  water- 
h,  and  subsequently  heated  to  incipient  fusion  over  the  lamp,  taking 
3  to  apply  a  very  gentle  heat  at  first ;  as  soon  as  the  chloride  begins 
fuse  round  the  border,  the  crucible  is  allowed  to  cool,  and  weighed. 
Co  remove  the  mass  from  the  crucible,  completely  and  without  injury 
the  latter,  a  piece  of  iron  or  zinc  is  placed  upon  the  chloride,  and 
:hly  dilute  hydrochloric  or  sulphuric  acid  added.  The  crucible  is  finally 
uised,  dried,  and  weighed,  if  this  has  not  been  done  before  the  opera- 
n.  Should  the  liquids  successively  decanted  from  the  chloride  of  wlver 
'  be  perfectly  clear  and  transparent,  they  are  kept  standing  in  the 
d  until  the  last  particles  of  chloride  have  completely  subsided,  which 
luently  requires  many  hours ;  the  clear  supernatant  fluid  is  then  de- 
ted,  and  the  deposited  chloride  added  to  the  bulk  of  the  precipitate 
ihe  crucible,  the  whole  washed  and  treated  as  above  ;  or — ^and  this  is 
ore  expeditious  way — ^the  minute  quantity  of  chloride  is  collected  on  a 
^  filter,  treated  as  directed  in  /3,  and  added  to  the  principal  amoimt. 

•  Determination  by  Filtration, 

^e  chloride  of  silver  is  precipitated  and  allowed  to  subside  as  in  a ; 
Supernatant  fluid  is  then  passed  through  a  small  filter,  to  which  the 
cipitate  is  subsequently  transferred,  with  the  aid  of  a  little  hot  water 
iulated  with  nitric  add ;  the  precipitate  collected  on  the  filter  ia 
shed,  first  with  water  acidulated  with  nitric  acid,  afterwards  with 
^  water ;  it  is  then  thoroughly  dried,  the  contents  of  the  filter  ojra 
Dsferred  as  completely  as  possible  to  a  s;:r:ll  porcelain  crucible^  ana 
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the  filter  itself  is  burnt  on  tlie  licL  In  tliu  operation  K>m«  of  t]ie  dl» 
lide  is  alwajB  reduced,  the  aah  is  therefore  added  to  the  chloride  in  tka 
crucible,  together  with  two  or  three  dropa  of  dilute  nitric  acid ;  heat  it 
■pplied  for  a  abort  time,  and  trhen  a  drop  or  two  of  hydrochloric  acid  add- 
id ;  lastly  heat,  at  first  gently  till  dry,  then  to  incipient  fusion,  and  we^ 

For  the  properties  of  the  precipitate,  see  §  82.  Both  methods  girt 
very  accurate  results,  uniesB  large  quantities  of  such  salts  are  present  ii 
have  the  property  of  slightly  dissolving  chloride  of  silver,  compare  1 61 
In  order  to  be  quite  safe  in  this  comiection  it  is  advisable  to  test  the  elcw 
filtrate  with  sulphuretted  hydrogen  before  throwing  it  away. 
6.  In  the  Dry  Way. 

This  method  serves  more  exclusivdy  for  the  analysts  of  bromide  uj  ■ 
iodide  of  silver,  although  it  can  be  applied  in  the  case  of  other  ta^  i 
pounds. 

The  process  is  conducted  in  the  apparatus  illnatrated  by  Fig.  1^ 
leaving  off  the  tubes  £  and  P,  and  employing  a  straight  bulb-tube  r  t 
plain  tube  with  porcelain  tray  instead  of  tiia  bent  tnfa«  D. 


A  is  an  apparatus  for  disengaging  chlorine  ;  B  contains  concentntd 
Biiljiliui-ic  iLcid,  C  chloride  of  cnkium;  D  is  a  bulb-tube  intended  for  ib 
ni<H>|ilion  iir  tliu  iodiile  or broniidc  of  silver;  andG,  which  directly  ii flit- 
ni>otiMl  with  ]>,  HcrvcB  to  conduct  the  cliloi-ine  gas  into  the  open  air  (r 
inlo  itiilk   iif   liiiu'.      The  operntion  is  commenced  by   introducing  At 

c('iii| 1  (i>  1p.   .iiiiily/,(^d  into  the  bulb,  and  applying  heat  to  the  Ist*» 

iiri! <   I>i4i.h1;  when  cold,  the  Cube  is  weighed  and  COnnMtd 

uii!'  I  '  Cliluriuu  gas  is  then  evolved  from  A. ;  whra  d* 

iiviil I    lii'   ,;  I'i  liiis  proceeded  for  some  time,  the  contentsoftt* 

btiMi  iiri'  fii'jili-il  lol'iimon,  aud  kept  in  this  state  for  about  fifteen 
KtcH,  ii((i(Hi.iiiK  iiiiw  mill  llipn  the  fused  masa.  The  bulb-tube  is 
rniiiiivi"!  ri'iiii  iIki  apparatus,  allowed  to  cool,  and  held  in  a  llai 
piiiill  inn  III  ri'pliK'K  till'  chlorine  by  atmospheric  air  ;  it  is  subwqiH 
wi'igliiul,  tldtii  a){iiiii  uuiiuuutud  with  the  apparatus,  and  the  former  p* 
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repeated,  keeping  the  contents  of  D  in  a  state  of  fusion  for  a  fe*^ 
minut^.  The  operation  may,  in  ordinarj  cases,  be  considered  con- 
cluded if  the  weight  of  the  tube  suffers  no  variation  by  the  repetition  of 
the  process.  If  the  highest  degree  of  accuracy  is  to  be  attained,  heat 
the  chloride  of  silver  again  to  fusion,  passing  at  the  same  time  a  slow 
stream  of  pure,  dry  carbonic  acid  through  the  tube,  in  order  to  drive 
out  the  traces  of  chlorine  absorbed  by  the  fused  chloiide.  Allow  Ui 
cool,  hold  obliquely  for  a  short  time,  so  as  to  replace  the  carbonic  acid 
by  air,  and  finally  weigh.     See  §  82. 

2.  Determination  <u  Sulphide  of  Silver, 

Sulphuretted  hydrogen  precipitates  silver  conpletely  from  acid,  neu- 
tral, and  alkaline  solutions  ;  sulphide  of  ammonium  precipitates  it  from 
Deutral  and  alkaline  solutions.     Recently  prepared  peifectly  clear  solu- 
tion of  sulphuretted  hydrogen  may  be  employed  to   precipitate   small 
quantities  of  silver ;  to  precipitate  larger  quantities,  the  solution  of  the 
8alt  of  silver  (which  must  not  be  too  acid)   is  moderately  diluted,  and 
washed  sulphuretted  hydrogen  gas  conducted  into  it.     After  complete 
precipitation  has  been  effected,  and   the  sulphide  of  silver  has  perfectly 
subsided  (with  exclusion  of  aii),  it   is   collected   on  a  weighed   filter, 
^washed,  dried  at  100°  and  weighed.     For  the  propei-ties  of  the   preci- 
pitate, see  J  82.     This  method,  if  properly  executed,  gives  very  accurate 
results.     Ine  operator  must  take  care  to  filter  quickly,  and  to  prevent 
the  access  of  air  as  much  as  possible  during  the  filtration,  since,  if  this 
precaution  be  neglected,  sulphur  is  likely  to  separate  from  the  sulphuretted 
nydrogen  water,  which,  of  course,  would  add  falsely  to  the  weight  of 
the  sulphide  of  silver. 

The  sulphide  of  silver  must,   however,  never  be  weighed  as    just 
. .  jifeaciibed,  unless  the  analyst  Ls  satisfied  that  no  sulphur  has  fallen  down 
ji^.^prith  it^  as  would  occur  if  the  fluid  contained  hyponitiic  acid,  sesqui- 
of  iron,  or  any  other  substance  which  decomposes  sulphuretted 
In   case   the  precipitate    does   contain    admixed   sulphur, 
amplest  process  is  to  convert   it   into  metallic  silver  (H.  KosE  *), 
this  purpose  it  is  transferred  to  a  weighed  porcelain  crucible,  the 
ash  is  added,  and  the  whole  is  heated  to  redness  in  a  stream  of 
ydrogen,  the  apparatus  described  in  §  108  being  employed.     Eesults 
accurate. 

Should  the  apparatus  in  question  not  be  at  the  opei'ator's  disposal,  he 

may,  after  complete  washing  of  the  precipitate,  carefully  rinse  it  into  a 

porcelain  dish  (without  injuring  the  weighed  filter),  heat  it  once  or  twice 

with  a  moderately  strong  solution  of  pure  sulphite  of  soda,  re- transfer 

the  precipitate  (now  freed  froiA  admixed  sulphur)  to  the  old  filter,  wash 

well,  dry  and  weigh  (J.  LoWEJ) ;  or  he  may  treat  the  dried  precipitate, 

together  with  the  filter-a.sh,  with  moderately  dilute  chlorine-free  nitric 

•dd  at  a  gentle  heat,  till  complete  decomposition  has  been  effected  (till 

tbe  undissolved  sulphur  has  a  clean  yellow  appearance),  filter,  wash  well, 

Slid  proceed  according  to  1. 

3.  Determination  as  Cyanide  of  Silver, 

Mix  the  neutral  or  acid  solution  of  silver  with  cyanide  of  potassium, 
intil  the  precipitate  of  cyanide  of  silver  which  forms  at  first  is  redissolved  ; 
Md  nitric  acid  in  slight  excess,  and  apply  a  gentle  heat.     After  some 

•  Pogg.  AmuiL  110, 189.  t  Joum.  f .  prakt.  Chem  77,  73. 
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time,  collect  the  precipitated  cyanide  of  silvei  on  a  w«sighed  filter,  wadh, 
dry  at  100°,  and  weigh.  For  the  properties  ox  the  precipitate,  see  §  Si 
The  results  are  accurate. 

4.  Detennination  as  Metallic  Silver. 

Oxide  of  silver,  carbonate  of  silver,  &c.,  are  easily  reduced  by  simpk 
ignition  in  a  porcelain  crucible.  In  the  reduction  of  salts  of  silver  with 
organic  acids,  the  crucible  is  kept  covered  at  first,  and  a  moderate  heat 
applied ;  after  a  time  the  lid  is  removed,  and  the  heat  increased,  until 
the  whole  of  the  carbon  is  consumed.  For  the  properties  of  the  reaiilue, 
see  §  82.  The  results  are  absolutely  accurate,  except  as  regards  salts  of 
silver  with  organic  acids;  in  the  analysis  of  the  latter,  it  not  unfre* 
quently  happens  that  the  reduced  silver  contains  a  minute  portion  of 
carbon,  which  increases  the  weight  of  the  residue  to  a  trifling  extent 

If  it  is  desired  to  transform  chloride,  bromide,  iodide,  or  sulphide  of 
silver  into  metallic  silver,  for  the  purpose  of  analysis,  they  are  ht^ted 
in  a  current  of  pure  dry  hydrogen  to  redness,  till  the  weight  remains  con- 
stant. The  process  may  be  conducted  in  a  porcelain  crucible  or  a  bulb- 
tube.  In  the  former  case,  the  apparatus  described  §  108,  fig.  Xa  47 
is  used ;  in  the  latter  the  apparatus  represented  p.  208,  with  the 
substitution,  of  c<jurse,  of  hydrogen  for  chlorine.  If  the  bulb-tube  is uwl, 
it  must,  after  cooling  and  before  being  weighed,  be  held  in  an  inclined 
position,  so  that  the  hydrogen  may  be  replaced  by  air.  The  result! 
ire  perfectly  accurate.     See  also  Cuj>ellation,  Special  Part. 

6.   Volumetric  Methods, 

1.  Gat-Lussac's. 

This,  the  most  exact  of  all  known  volumetric  processes,  was  intio- 
duced  by  Gay-Lussac  as  a  substitute  for  the  assay  of  silver  bv  cu})elli- 
tion,  was  thoroughly  investigated  by  him,  and  will  be  found  fullj  de^ 
scribed  in  his  work  on  the  subject.  This  method  has  been  i-enderwl  sail 
more  precise  by  the  i-esoarches  of  G.  J.  MuLT>ER,to  whose  exhausti^'e  mo- 
nogr.iph  *  1  refer  the  special  student  of  this  branch.  I  shall  here  cod- 
iine  myself  to  giving  the  process  so  far  as  to  suit  the  requiremen»  of 
the  chemical  laboratory,  taking  only  for  granted  that  the  aualvst  has  tfc« 
(>r<linary  measuring  apparatus,  ttc,  at  his  disposal.  MuldeVs  resulti 
will  be  made  use  of  to  the  full  extent  possible  under  these  circumstanoeL 

a.  Requisites. 

a.  Solution'  of  chloride  of  sodium. 

Tako  cluMnically  pure  (chloride  of  sodium — either  artificially  prejond 
or  pur.i  rock-salt — powdtjr  it  roughly  and  ignite  moderately  (not  tt 
fusion  f ). 

Now  dissolve  ivM  15  grm.  in  distilled  water  to  1  litre,  measured  at  I^' 
100  c.  c.  of  this  solution  contains  a  quantity  of  chloride  of  soJio^ 
equivalent  to  1  grm.  of  silver. 

The  solution  is  ke])t  in  a  stoppered  bottle  and  shaken  liefore  use. 

13.  Decimal  solution  of  chloride  of  sodium. 

Transfer  50  c.  c.  of  th(»  solution  described  in  a  to  a  50C  c.  c.  metan^ 


u 


♦  Die  Silberprobirmethode  (see  note,  p.  122).  1^ 

f  On  fusion,  if  the  flamo  can  in  the  least  way  act  upon  it,  it  tahf  aniftift' J^- 
reaction.  since  under  the  influence  of  vapor  of  water  and  carbonio  add,  ftM 
hydrochloric  acid  is  formed  and  escapes,  while  a  corresponding  quantitgr  of  ^ 
bonate  of  Boda  remains. 
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ing  flask,  fill  up  to  the  mark  with  distilled  water  and  shake.  Each  c.  c 
of  this  decimal  solution  corresponds  to  0*001  grm.  silver.  The  measuring 
must  be  pei-formed  at  16^. 

The  solution  is  kept  as  the  other. 

y.  Decimal  silver  solution. 

Dissolve  0*5  grm.  chemically  pure  silver  in  2  to  3  c.  c.  pure  nitrio 
acid  of  1*2  sp.  gr.,  and  dilute  the  solution  with  water  exactly  to  500 
c.  c.  measured  at  16°.  Each  c.  c.  contains  0*001  grm.  silver.  The  so- 
lution is  kept  in  a  stoppered  bottle  and  protected  against  the  influence 
of  light. 

,       S,  Test-bottles. 

These  should  be  of  white  glass,  holding  easily  200  c.  c,  closed  with 
well-ground  glass  stoppers,  running  to  a  point  below.  The  bottles  fit 
into  cases  blackened  on  the  inside,  and  reaching  up  to  their  necks.  In 
order  to  protect  the  latter  also  from  the  action  of  light,  a  black-cloth 
cover  is  employed. 

*  6.  Pbinciple. 

Suppose  we  know  the  value  of  a  solution  of  chloride  of  sodium,  i.e.,  the 
quantity  that  is  necessary  to  precipitate  a  given  amount  of  silver,  say 
1  grm.,  we  are  in  the  position,  with  the  aid  of  this  solution,  to  deter- 
mine an  unknown  amount  of  silver,  for  if  we  put  x  for  the  unknown 
amount  of  silver,  then 

c.  c.  of  solution  used  for  1  grm.    :    c.  c.  used  for  a?  ::  1  grm.  :  a?. 

But  if  we  examine  whether  1  eq.  chloride  of  sodium  dissolved  in  water 
actually  precipitates  1  eq.  of  silver  dissolved  in  nitric  acid  exactly,  we 
find  that  this  is  not  the  case.  On  the  contrary,  the  clear  supernatant 
fluid  gives  a  small  precipitate  both  on  the  addition  of  a  little  solution 
of  chloride  of  sodium,  and  on  the  addition  of  a  little  silver-solution,  as 
Mulder  has  most  accui*ately  determined.  The  value  of  a  solution  of 
blonde  of  sodium  in  the  sense  explained  above  caimot,  therefore,  be 
reckoned  from  the  amount  of  salt  it  contains,  by  calculating  1  eq.  silver 
for  1  eq.  chloride  of  sodium,  but  it  can  only  be  obtained  by  experiment. 
Mulder  has  shown,  that  the  temperature  and  the  degree  of  dilution 
liave  some  influence,  and  also  that  this  fact  is  to  be  explained  on  the 
ground  of  the  solvent  po\^er  of  the  nitrate  of  soda  produced  on  the 
chloride  of  silver.  In  the  solution  thus  formed  we  have  to  imagine  Na 
O,  N  O5  and  Na  CI  with  Ag  O,  N  O5  in  a  certain  state  of  equilibrium, 
which,  on  the  addition  of  either  Na  CI  or  Ag  O,  N  Oj  is  destroyed, 
chloride  of  silver  being  precipitated. 

From  this  interesting  observation  it  follows,  that  if  to  a  silver-solution 
we  add  at  first  concenti*ated  solution  of  chloride  of  sodium,  then  deci- 
mal solution  drop  by  drop,  till  the  exact  point  is  reached  when  no  more 
precipitate  appears,  now,  on  addition  of  decimal  silver-solution  a  small 
precipitate  will  be  again  produced ;  and  if  we  add  the  latter  drop  by  drop, 
till  the  last  drop  occasions  no  turbidity,  then  again  decimal  solution  of 
ehloride  of  sodium  will  give  a  small  precipitate.     On  noticing  the  num- 
ber of  drops  of  both  decimal  solutions  which  are  required  to  pass  from 
One  limit  to  the  other,  we  find  that  the  same  number  of  each  are  used. 
^  ^tjBt  us  suppose  that  we  had  added  decimal  solution  of  chloride  of  sodium 
mi  it  ceased  to  react,  and  had  then  used  20  drops*  of  decimal  silver-solution, 

*  Twenty  dxope  from  Holder^s  dropping  apparatus  are  equal  to  1  c.  0. 
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till  this  ceased  to  produce  a  further  turbidity,  we  must  now  again  :i(U 
20  di*ops  of  decimal  solution  of  chloride  of  sodium,  in  order  to  reach  thi 
point  at  which  this  ceases  to  react.  Were  we  to  add  only  10  instead  of 
these  20  drops,  we  have  the  neutral  point,  as  Mulder  calls  it,  ».e.,  the 
point  at  which  both  silver  and  chloride  of  sodiiun  produce  equal  pre* 
cipitates. 

We  have,  therefore,  3  different  points  to  choose  from  for  our  fiiuJ 
reaction :  a,  the  point  at  which  chloride  of  sodium  has  just  ceased  to 
pi*ccipitate  the  silver ;  6,  the  neutral  point ;  c,  the  point  at  which  silver 
solution  has  just  ceased  to  pi-ecipitate  chloride  of  sodium.  Whidiever 
we  may  choose,  we  must  keep  to  it,  t.c,  we  must  not  use  a  different  point 
in  standardizing  the  chloride  of  sodium  solution  and  in  performing  in 
analysis.  The  difference  obtained  by  using  first  a  and  then  6  is,  •& 
cording  to  Mulder,  for  1  grm.  silver,  at  16°,  about  0*6  mgrm.  silver ;  I7 
emplopng  first  a  and  then  c,  as  was  permitted  in  the  original  process  of 
Gat-Lussac,  the  difference  is  increased  to  1  mgrm. 

For  our  object,  it  appears  most  convenient  to  consider,  once  for  sU, 
the  point  a  as  the  end,  and  never  to  finish  with  the  silver-solution.  If 
the  point  has  been  overst^eppod  by  the  addition  of  too  lai^  an  amount 
of  decimal  solution  of  chloride  of  sodium,  2  or  3  c.  c.  of  decimal  sabnr- 
solution  should  be  added  all  at  once.  The  end-point  is  then  fband 
by  carefully  adding  decimal  solution  of  chloride  of  sodium  again, 
and  the  quantity  of  silver  in  the  silver-solution  added  is  reckoned 
from  the  original  amount  of  silver  weighed  in  making  the  solution. 

c.  Performance  of  the  Process. 

This  is  divided  into  two  oi>en^.tions — a,  the  fixing  of  the  value  of  the 
chloride  of  sodium  solution  ;  j3,  the  assay  of  the  silver  alloy  to  be 
examined. 

a.  Dp:termination  of  the  value  of  tiie  Chloride  op  Sodiux  solt- 
TioN,  Le.y  its  j)ower  of  precipitating  silver. 

Weigh  off  exactly  from  I'OOl  to  1*003  grm.  chemically  pure  sflver, 
put  it  into  a  test-bottlo,  add  5  c.  c.  perfectly  pure  nitric  acid,  of  1*2  sp. 
gi".,  and  heat  the  bottle  in  an  inclined  position  in  a  water- or  saud-buth 
till  complete  solution  is  effected.  Now  blow  out  the  nitrous  fiunM 
from  the  upj>er  part  of  the  bottle,  and  after  it  has  cooled  a  little,  plaa 
it  in  a  stream  of  water,  the  tempei*ature  of  which  is  about  16°,  and  let 
it  remain  there  till  its  contents  are  cooled  to  this  degree;  wipe  it  dry, 
and  ])lace  it  in  its  case. 

Now  fill  the  100  c.  c.  pipette  with  the  concentrated  solution  of  cUo- 
ride  of  sodium,  which  is  then  allowed  to  flow  into  the  test-bottle  coor 
taining  the  silver  solution.*  Insert  the  glavSs  stopper  firmly  (aftfl 
moistening  it  with  water),  cover  the  neck  of  the  bottle  with  the  cap  of 
black  stufl*  bolonc^ui^  to  it,  and  shake  violently,  without  delay,  till  the 
chloriile  of  silv(»r  s(»tilos,  leaving  the  fluid  perfectly  clear.  Then  take 
tho  stopp(»r  out,  rub  it  on  the  neck,  so  as  to  remove  all  chloride  of  A 
ver,  re[)ljice  it  firmly,  and  by  giving  the  bottle  a  few  dexterous  tan% 
rinse  the  chloride  down  from  the  upper  part.  After  allowing  to  reisli 
little,  again  remove  the  stopper,  and  add,  from  a  bui^tte  divided  nto 
^  c.  c,  decimal  chloiide  of  sodium  solution,  allowing  the  drops  to  U 

*  The  pipette,  having  been  filled  above  the  mark,  should  be  fixed  in  a  WBpf^ 
Defore  tho  excess  is  allowed  tx)  run  out,  otherwise  the  measuring-  will  not  to  i^  li 
ficienUy  accurate.  ■' 
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against  the  lower  part  of  the  neck,  the  bottle  being  held  in  an  inclined 
position.  If,  as  above  directed,  1*001  to  1*003  grm.  silver  have  beeii 
employed,  the  portions  of  chloride  of  sodium  solution  at  first  added 
may  be  ^  c.  c.  After  each  addition,  raise  the  bottle  a  little  out  of  its 
case,  observe  the  amount  of  precipitate  produced,  shake  till  the  fluid 
has  become  clear  again,  and  proceed  as  above,  before  adding  each  fresh 
quantity  of  chloride  of  sodium  solution.  The  smaller  the  precipitate 
produced,  the  smaller  should  be  the  quantity  of  chloride  of  sodium  next 
added ;  towards  the  end  only  two  drops  should  be  added  each  time ;  and 
quite  at  the  end  read  oft*  the  height  of  the  fluid  in  the  burette  before 
each  further  addition.  When  the  last  two  drops  give  no  more  preci- 
pitate, the  previous  reading  is  the  correct  one. 

If  by  chance  the  point  has  been  overstepped,  and  the  time  has  been 
missed  for  the  proper  reading  oflf  of  the  burette,  add  2  to  3  c.  c.  of  the 
decimal  silver  solution  (the  sUver  in  which  is  to  be  added  to  the  quantity 
first  weighed),  and  tiy  again  to  hit  the  point  exactly  by  careful  addition 
of  decimal  chloride  of  sodium  solution. 

The  value  of  the  chloride  of  sodium  solution  is  now  known.  Beckon 
it  to  1  grm.  silver. 

Suppose  we  had  used  for  1*002  grm.  silver  100  c.  c.  of  concentrated  and 
3  c.  c.  of  decimal  chloride  of  sodium  solution ;  this  makes  altogether  100*3 
of  concentrated ;  then 

1*002  :  1-000  : :  100*3  :  x 

X  =  100*0998 

We  may  without  scruple  put  100*1  for  this  number.  We  now  know  that 
100*1  c.  c.  of  the  concentrated  solution  of  chloride  of  sodium,  measured 
at  16°,  exactly  precipitates  1  grm.  of  silver.  This  relationship  serves  as 
the  foundation  of  the  calculation  in  actual  assaying,  and  must  be  re- 
examined whenever  there  is  reason  to  imagine  that  the  strength  of  the 
chloride  of  sodium  solution  may  have  altered. 

/3.  The  actual  assay  of  the  Silver-Alloy. 

Weigh  off"  so  much  as  contains  about  1  grm.  of  silver,  or  better,  a  few 
mgnn.  more ;  *  dissolve  in  a  test-bottle  in  5  to  7  c.  c.  nitric  acid,  and 
proceed  in  all  respects  exactly  as  in  a. 

Suppose  we  had  taken  1*116  grm.  of  the  alloy,  and,  in  addition  to  the 
100  c.  c.  of  concentrated  chloride  of  sodium  solution,  had  used  5  c.  c.  of 
the  dilute  (  =  0*5  concentrated),  how  much  silver  would  the  alloy 
contain? 

Presuming  that  we  use  the  same  chloride  of  sodium  solution  which 
ierved  as  our  example  in  a,  100*1  c.  c.  of  which  ■=  1  grm.  silver,  then 

100-1 :  100-6  : :  1-000  :  x 

X  =  1*003996  (say  1*004). 

*  In  ooisB,  which  consist  of  0  parts  of  silver  and  1  part  of  copper,  therefore  take 

ibont  1  '1 15  or  1*120.    In  weighing  off  alloys  of  silver  and  copper,  which  do  not  cor- 

lespond  to  the  formula  Aga  CHi  (standard  =ri,^,'\,  J^ »,  we  must  remember  that  they 

ire  never  homogeneous  in  the  maas ;  thus,  for  instEuace,  the  pieces  of  metal  from 

which  coins  are  8tamx)ed,  often  show  1  5  to  1  *?  in  a  thousand  more  silver  in  the 

Middle  than  at  the  edge^.     In  assaying  alloys,  then,  portions  from  various  parts 

of  the  mass  must  be  tiUcen,  in  order  to  get  a  correct  result      The  inaccuracy,  how- 

trer,  proceeding  from  the  cause  above  mentioned,  can  only  be  completely  over- 

Oomts  by  fusing  the  alloy,  and  taking  out  a  portion  from  the  well-stirred  massfoi 

fhA  assay. 
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We  may  also  arrive  at  the  same  result  in  the  following  manner  : — 

Na  CI  Solntioa 
For  the  precipitation  of  the  silver  in  the  alloy  were  used     100*5  c.  c. 
For  1  grm.  silver  are  necessary lOO'l  c. c 


Difference 0*4  c  c 

There  are,  therefore,  4  mgrm.  of  silver  present  more  than  a  gmL,  <n 
the  presumption  that  0*1  of  the  concentrated  chloride  of  sodium  solution 
(=1  c.  c.  of  the  decimal  solution)  corresponds  to  1  mgrm.  silver.  Thii 
supposition,  altliough  not  absolutely  correct,  may  be  safely  made,  fbi 
the  inexactness  it  involves  is  too  minute,  as  is  evident  fi-om  the  previooi 
calculation. 

Before  we  can  execute  this  process  exactly,  we  must  know  the  quantitr 
of  silver  the  alloy  contains  veiy  approximately.  In  assaying  coins  of 
known  value  this  is  the  case,  but  with  other  silver  alloys  it  is  usually 
not  so.  Under  the  latter  circumstances  an  approximate  estimation  muri 
precede  the  regular  assay.  This  is  performed  by  weighing  off  ^  grm.  (or 
in  the  case  of  alloys  that  are  poor  in  silver,  1  grm.),  dissolving  in  3  to 
G  c.  c.  nitric  acid,  and  adding  from  the  burette  chloride  of  sodium  solution, 
— first  in  larger,  then  in  smaller  quantities — ^till  the  last  drops  produce  no 
further  turbidity.  The  last  drops  are  not  reckoned  with  tlie  rest.  Hie 
operation  is  conducted,  as  regards  shaking,  &c.,  as  previously  given. 
Suppose  we  had  weighed  off  0*5  grm.  of  the  alloy,  and  employed  25  c  c; 
of  the  chloride  of  sodium  solution — taking  the  above  supposed  value  of 
the  latter — 

We  have  100-1  :  25  :  :  1-000  :  x 

a;  =  0-2497 

that  is,  the  silver  in  *5  grm.  of  the  alloy;  and  as  to  the  quantity  of  lUof 
we  have  to  weigh  off  for  the  assay  proper, 

We  have  -2497  :  1-003  :  :  -5  :  a; 

a;  =2-008. 

Tliifl  quantity  will,  of  course,  require  more  nitric  acid  for  solution  than 
was  previously  used  (use  10  c.  c).  In  cases  where  the  highest  degree  of 
accuracy  is  not  required,  the  results  afforded  by  this  rough  preliminuy 
estimation  will  be  accurate  enough  if  the  experiment  is  carefully  conducted, 
sinco  they  give  the  quantity  of  silver  present  to  within  YihiF  ^^  rh* 

With  alloys  which  contain  sulphur,  and  with  such  as  consist  of  goH 
and  silver,  and  contain  a  little  tin,  Levol  *  employs  concentrated  sulphuric 
acid  (about  25  grm.)  as  solvent.  The  portion  of  the  alloy  is  boiled  wiA 
it  till  dissolved ;  after  cooling,  the  fluid  is  treated  in  the  usual  maimer. 
As,  however,  concentrated  sulphuric  acid  fails  to  dissolve  all  the  mlra 
when  there  is  much  copper  })resent,  Masc;azzixi  |  digests  the  wei^Md 
portion  of  alloy  (which  may  contain  small  quantities  of  lead,  tin^inl 
antimony,  besides  gold)  first  with  the  least  possible  amount  of  nitrieadi^ 


•  Annal.  de  Chim.  et  de  Phja  3  scr.  44,  347.     f  Chem.  GentralbL  1857, 
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as  long  as  red  vapors  are  formed ;  he  then  adds  concentrated  sulpliuric 
acid,  boils  till  the  gold  has  settled  well  together,  adds  water  after  cooling, 
and  then  proceeds  to  the  assay. 

2.  PiSANi's  Method.* 

This  process  depends  on  the  following  reaction :  a  solution  of  iodide  of 
starch  added  to  a  neutral  solution  of  nitrate  of  silver  forms  iodide  of  silver 
and  (in  all  probability)  iodate  of  silver.  The  blue  color  consequently 
vanishes,  and  on  continued  additions  of  the  iodide  of  starch,  the  fluid  does 
not  become  permanently  blue  till  all  the  nitrate  of  silver  present  is  decom- 
posed in  the  above  manner.  The  iodide  of  starch  solution  used  is  there- 
fore proportional  to  the  quantity  of  nitrate  of  silver.  Hence,  if  the  value 
of  the  iodide  of  starch  solution  be  determined,  by  allowing  it  to  act  on  a 
certain  amount  of  silver  solution  of  known  strength,  we  shall  be  able  to 
estimate  unknown  quantities  of  silver  with  the  greatest  ease,  provided 
that  the  silver  solution  is  free  from  all  other  substances  which  exert 
a  decomposing  action  on  the  iodide  of  starch.  Besides  the  ordinary 
reducing  agents,  the  following  salts  must  be  especially  mentioned  as 
possessing  this  power  :  the  salts  of  suboxide  and  protoxide  of  mercury, 
of  protoxide  of  tin,  of  teroxide  of  antimony,  of  arsenious  acid,  of  pro- 
toxide of  iron  and  of  protoxide  of  manganese,  also  chloride  of  gold  ;  salts 
of  lead  and  of  copper,  on  the  other  hand,  do  not  afiect  iodide  of  stai-ch. 

The  iodide  of  starqh  is  prepared  as  follows :  make  an  intimate  mixture 
in  a  mortar  of  2  grm.  iodine  and  15  grm.  starch  with  the  addition  of  6 
to  8  drops  of  water,  and  heat  the  slightly  moist  mixture  in  a  closed  flask 
in  a  water-bath,  till  the  original  violet-blue  color  has  passed  into  dark 
grayish-blue — ^it  takes  about  an  hour.  The  iodide  of  starch  thus  pre- 
pared is  then  digested  with  water ;  it  dissolves  completely  to  a  deep 
bluish-black  fluid. 

The  value  of  this  fluid  is  determined  by  allowing  it  to  act  on  10  c.  c. 
of  a  neutral  solution  of  nitrate  of  silver,  containing  1  gim.  of  pure  silver 
in  1  litre, — ^the  silver  solution  is  mixed  with  a  little  pure  precipitated 
carbonate  of  lime  before  adding  the  iodide  of  starch.  The  strength  of 
this  latter  is  right,  if  50  to  60  c.  c.  are  used  in  this  experiment.  On 
adding  it,  at  first  the  blue  color  disappears  rapidly,  and  the  fluid  becomes 
yellowish  from  the  iodide  of  silver.  The  end  of  the  operation  is  attained 
as  soon  as  the  fluid  is  bluish-green.  The  point  is  pretty  easy  to  hit,  and 
an  error  of  0*5  c.  c.  is  of  no  importance,  as  it  only  corresponds  to  about 
0*0001  grm.  of  silver.  The  carbonate  of  lime,  besides  neutralizing  the 
free  acid,  has  the  effect  of  rendering  the  final  change  of  the  color  more 
distinctly  observable.  To  analyze  an  alloy  of  silver  and  coj^per,  dis- 
solve about  0*5  grm.  in  nitric  acid,  dilute  to  100  c.  c.  to  lower  the  color 
of  the  copper,  saturate  5  c.  c.  with  carbonate  of  lime,  and  add  iodide  of 
starch  till  the  coloration  appears.  Or,  you  may  determine  very  approxi- 
mately the  amount  of  silver  in  2  c.  c.  of  the  solution,  then  precipitat'O 
the  greater  part  (about  99^)  of  the  silver  from  50  c.  c.  of  the  solution 
with  standard  solution  of  chloride  of  sodium,  filter  (for  the  chloride  of 
nlver  also  exercises  a  decolorizing  action),  and  estimate  the  remainder 
af  the  silver  by  means  of  iodide  of  starch.  If  the  amount  of  silver  to  bo 
determined  is  more  than  0*020  grm.,  it  is  always  better  to  employ  the 

*  AmiaL  d.  Hin.,  z.  83% 
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latter  methocl.  Li  the  caae  of  a  nitric  acid  solution  oontaijiiiig  silTei 
with  lead,  the  latter  metal  is  first  precipitated  with  sulpburic  acid  and 
filtered  off,  carbonate  of  lime  is  added  to  the  filtrate  till  all  free  add  is 
neutralized,  the  fluid  is  filtered  again  (if  necessary),  and  lastly,  more 
carbonate  of  lime  is  added,  and  then  the  iodide  of  starch.  Very  dilute 
solutions  may  be  concentrated,  so  that  one  may  have  no  more  than 
from  50  to  100  c.  c.  to  deal  with.  The  method  is  specially  suited  for 
the  estimation  of  small  quantities  of  silver.  With  such  it  has  afforded 
me  perfectly  satisfSactory  results. 

Instead  of  the  standard  iodide  of  starch,  a  dilate  standard  solution 
of  iodine  in  iodide  of  potassium  may  be  equally  well  employed, — witk 
addition  of  starch  solution  (Field  *). 


§116. 

2.  Oxide  of  Lead. 

a.  Solution. 

Few  of  the  salts  of  lead  are  soluble  in  water.  Metallic  lead,  oxide 
of  lead,  and  most  of  the  salts  of  lead  that  are  insoluble  in  water  dLssolTB 
in  dilute  nitric  acid.  Concentrated  nitric  acid  efliects  neither  complete 
decomposition  nor  complete  solution,  since,  owing  to  the  insolubility  of 
nitrate  of  lead  in  concentrated  nitiic  acid,  the  first  portions  of  nitrate 
formed  protect  the  yet  iindecomposed  parts  of  the  salt  from  the  sction 
of  the  acid.  For  the  solubility  of  chloride  and  sulphate  of  lead,  see 
§  83.  As  we  shall  see  below,  the  analysis  of  these  compounds  may  be 
effected  without  dissolving  them.  Iodide  of  lead  dissolves  readily  in 
modei*ate]y  dilute  nitiic  acid  upon  application  of  heat,  with  separation 
of  iodine.  Solution  of  potassa  is  the  only  menstruum  in  which  chitv 
mate  of  lead  dissolves  without  decomposition;  for  the  piirpose  of  analv- 
sis,  the  chromate  is  best  convei^ted  into  the  chloride  (see  below).  Sal' 
phide  of  lead  may  be  converted  at  once  into  sulphate  (see  §  116,  2). 

b.  Determiiiation. 

Lead  may  be  determined  as  oxide^  auLphcUe^  ehramaie,  or  wJpkidtl 

also  by  volumeti-ic  analysis. 

We  may  conveii;  into 

1.  Oxide  of  Lead. 

a.  ^y  Precipitation. 

A.11  salts  of  load  soluble  in  water,  and  those  of  its  salts  which,  imohh 
ble  in  that  niouutruum,  dissolve  in  nitric  acid,  with  separation  of  then 
acid. 

6.  ]hj  r<juition. 

a.  Halts  of  loiul  with  readily  volatile  or  decomposable  inorgameaa 
0.  Salts  of  lead  with  orpuiic  acids. 

•  Chom.  News,  IL  17. 
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2.  Sulphide  of  Lead. 
All  salts  of  lead  in  solution* 

3.  Sulphate  of  Lead. 

a.  JBf/  PredpitaUon, 

The  salts  that  are  insoluble  in  water,  but  soluble  in  nitric  acid,  who6€ 
a^id  cannot  be  separated  from  the  solution. 

5.  J)y  jEhaporcUion^ 

a.  All  the  oxides  of  lead,  and  also  the  salts  of  lead  with  volatile 
acids. 

j3.  Many  of  the  organic  compounds  of  lead. 

4.  Chbomate  of  Lead. 

The  compounds  of  lead  soluble  in  water  or  nitric  acid. 

The  application  of  these  several  methods  must  not  be  understood  to  be 
rigorously  confined  to  the  compounds  specially  enumerated  under  their 
respective  heads ;  thus,  for  instance,  all  the  compounds  enumei*ated  sub 
1,  may  likewise  be  determined  as  sulphate  of  lead ;  and,  as  above  men- 
tioned, all  soluble  compounds  of  lead  may  be  converted  into  sulphide  of 
lead ;  also,  in  sulphate  of  lead  the  lead  may  be  without  difficulty  deter- 
mined as  sulphide.  Chloride,  bromide,  and  iodide  of  lead  are  most  con- 
veniently reduced  to  the  metallic  state  in  a  current  of  hydrogen  gas,  in 
the  manner  described  §  115  (Reduction  of  chloride  of  silver), if  it  is  not 
deemed  preferable  to  dissolve  them  in  water,  or  to  decompose  them  }>y 
a  boiling  solution  of  carbonate  of  soda.  If  the  reduction  method  is 
resorted  to,  the  heat  applied  should  not  be  too  intense,  since  this  might 
cause  some  ehlonde  of  lead  to  volatilize. 

The  higher  oxides  of  lead  are  reduced  by  ignition  to  the  state  of  sim- 
ple oxide,  and  may  thus  be  readily  analyzed  and  dissolved.  Should  the 
operator  wish  to  avoid  having  recourse  to  ignition,  the  most  simple 
mode  of  dissolving  the  higher  oxides  of  lead  is  to  act  upon  them  with 
dilute  nitric  acid,  with  the  addition  of  alcohol.  For  the  methods  of 
analyzing  sulphate,  chi*omate,  iodide,  and  bromide  of  lead,  I  refer  to  the 
paragraphs  treating  of  the  corresponding  acids,  in  the  second  part  of 
this  Section.  To  effect  the  estimation  of  lead  in  the  oxide  and  in  many 
salts  of  lead,  especially  also  in  the  sulphate,  the  compound  under  ex- 
amination may  be  fused  with  cyanide  of  potassium,  and  the  metallic 
lead,  obtained  well  washed,  and  weighed.  From  the  sulphide  also  the 
greater  portion  of  the  lead  may  be  separated  by  this  method,  but  never 
the  whole  (H.  KosE  *). 

1.  Determination  as  Oxide* 

a.  -ffy  PrecipitcUion, 

Mix  the  moderately  dilute   solution  with  carbonate  of  ammonia  f 

*  PogiT-  Annal.  01.  144. 

f  Oxalate  of  ammonia,  which  has  been  ro  hig^hlj  recommended  as  a  precipitant 
(lor  lead.  Is  not  so  delicate  as  the  carbonate*  My  experience  in  this  respect  co- 
incides with  F.  Mohr's  (Ezpt.  No.  48). 
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elightlj  in  excess,  add  some  caustic  ammonia^  apply  a  gentle  heat,  and 
after  some  time,  filter.  Wash  the  precipitate  with  pure  water,  dn 
and  ignite  in  a  porcelain  crucible,  having  previously  incinerated  the 
filter  on  the  lid.  For  the  pro|)erties  of  the  precipitate  and  residue,  SM 
§  83.  The  results  are  satisfactory,  although  generally  a  trifle  too  low 
owing  to  carbonate  of  lead  not  being  absolutely  insoluble,  particakrlf 
in  fluids  rich  in  ammoniacal  salts  (Expt.  No.  47).  A  small  and 
thin  filter  should  be  used,  and  care  taken  to  remove  the  precipitate 
as  completely  as  practicable  before  proceeding  to  incineration ;  otW- 
wise  additional  loss  of  substance  might  be  incurred,  from,  reduction  d 
the  adhering  particles  of  the  carbonate  to  metallic  lead. 

b.  By  Ignitian. 

Compounds  like  carbonate  or  nitrate  of  lead  are  cautiously  ignited 
in  a  porcelain  crucible,  until  the  weight  remains  constant.  In  case  of 
salts  of  lead  with  organic  acids,  the  substance  is  very  gently  heated  in  a 
small  covered  porcelain  crucible,  which  is  included  within  a  large  one, 
also  covered,  until  the  organic  matter  is  completely  carbonized  ;  the  lidi 
are  then  removed,  when  the  mass  begins  to  ignite,  and  a  mixture  of 
oxide  of  lead  with  metallic  lead  results,  which  may  still  contain  uncon- 
sumed  carbon.  A  few  pieces  of  recently  fused  nitrate  of  ammonia  are 
now  thrown  into  the  inner  crucible,  which  has  previously  been  remoTed 
from  the  flame,  and  both  are  again  covered.  The  salt  fuses,  oxidizes  tin 
lead,  and  lonvei-ts  it  partly  into  nitrate.  The  whole  is  now  very  grad- 
ually raised  to  a  red  heat,  until  no  more  fumes  of  hyponitric  acid  escape 
The  residuary  oxide  is  then  weighed. 

The  results  are  satis&ictory. 

2.  Determination  (i8  Sulphide, 

Lead  may  be  completely  precipitated  from  acid,  neutral,  and  alkaline 
solutions  by  sulphuretted  hydrogen,  and  also  from  neutral  and  alkaline 
solutions  by  sulphide  of  ammonium.  Precipitation  from  acid  solation 
is  usually  em])]oyed,  especially  in  separations.  A  large  excess  of  add 
and  also  warming  should  both  be  avoided.  The  former  is  prejndiciil 
to  com[)lete  ])reci]ntation  (§  83,  e),  the  latter  may  readily  occasion  the 
re-solution  of  the  sulphide  that  has  ali*eady  been  precipitated.  In  onte 
to  guard  .against  incomplete  precipitation,  before  filtering,  test  a  portion 
of  the  suj)ernatant  fluid  by  mixing  with  a  relatively  large  quantity  of 
strong  sulphuretted  hydrogen  water ;  of  course  the  mixture  should  rt- 
main  clear. 

After  the  sulphide  has  been  filtered  off,  washed  witli  cold  water,  and 
dried,  it  is  transferred,  together  with  the  filter-ash,  to  a  porcelain  cmdh 
ble,  a  little  sulphur  added,  and  ignited  in  hydrogen  till  its  weight  is 
constant.  It  should  always  be  allowed  to  cool  in  a  current  of  the  gtf^ 
before  being  weighed.  As  regards  the  apparatus,  see  §  108,  2,  fi^ 
47.  For  the  properties  of  the  residue,  see  §  83,  e.  The  results  are  veit 
satisfactory  (H.  Rose).  The  heat  of  the  ignition  must  not  be  too  lov, 
or  the  residue  will  contain  too  much  sulphur;  nor  too  higb,  or  thefol- 

phide  of  lead  will  begin  to  volatilize.*     Drying  the  precipitate  at  100^ 

_ . —  — -« 

[*  According  to  SoncHAY,  the  ignition  must  not  last  more  than  5-10  mimti^ 
and  only  the  base  of  the  crucible  (to  one-fourth  its  height)  should  be  heafeadK 
redness ;  even  then  the  result  is  likely  to  fall  out  slightly  too  low.  Fres.  SSeifeMkrilk 
rV.  65.] 
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cannot  be  recommended  (§  83,  e).  If,  for  want  of  a  suitable  apparatuR^ 
the  ignition  in  hydrogen  cannot  be  performed,  the  dry  sulphide  may  be 
converted  into  sulphate  and  then  weighed.  To  this  end  it  is  trans- 
ferred to  a  beaker,  the  filter-ash  added,  then  fuming  nitric  acid,  drop 
by  drop,  the  vessel  being  kept  covered  with  a  glass  plate.  When  the 
oxidation  is  finished,  a  gentle  heat  is  applied  for  some  time,  and  the 
contents  of  the  beaker  are  then  poured  into  a  small  porcelain  dish,  the 
former  is  rinsed,  a  few  drops  of  sulphuric  acid  are  added,  the  mixture  is 
carefully  evaporated,  and  the  residue  ignited.  The  accuracy  of  the 
result  is  entirely  dependent  on  the  care  with  which  the  operation 
is  conducted.  Fuming  nitric  must  be  used,  as  directed,  for  oxidizing 
the  precipitate,  otherwise  sulphur  separates,  which,  on  wanning  with 
weaker  acid,  fuses,  and  only  oxidizes  with  extreme  slowness. 

3.  Determination  as  SulphcUe, 

a.  J^y  Precipitation, 

a.  Mix  the  solutioh  (which  should  not  be  over-dilute)  with  moder- 
ately dilute  pure  sulphuric  acid  slightly  in  excess,  and  add  to  the  mix- 
ture double  its  volume  of  spirit  of  wine ;  wait  a  few  hours,  to  allow  the 
precipitate  to  subside  ;  filter,  wash  the  precipitates  with  spirit  of  wine, 
dry,  and  ignite,  after  the  method  described  in  §  63.  •Though  a  careful 
operator  may  use  a  platinum  crucible,  still  a  thin  porcelain  crucible 
is  preferable.  A  small  and  thin  filter  should  be  employed,  and  the  ad- 
hering sulphate  of  lead  carefully  removed  before  proceeding  to  incinera- 
tion (see  1,  a). 

/3.  In  cases  where  the  addition  of  spirit  of  wine  is  inadmissible,  a 
greater  excess  of  sulphuric  acid  must  be  used,  and  the  precipitate, 
which  is  allowed  some  time  to  subside,  filtered,  and  washed  first  with 
water  acidulated  with  a  few  drops  of  sulphuric  acid,  then  repeatedly 
with  spirit  of  wine.  The  remainder  of  the  process  is  conducted  as 
in  a. 

For  the  properties  of  the  precipitate,  see  §  83.  The  method  a  gives 
accurate  results;  those  obtained  by  |3  are  less  exact  (a  little  too  low), 
but  still,  however,  satisfactory,  if  the  directions  given  are  adhered  to.  If^ 
on  the  contrary,  a  proper  excess  of  sulphuric  acid  is  not  added,  in  the 
presence,  for  instaiice,  of  ammoniacal  salts,  nitric  acid,  &c.,  the  lead  is 
not  completely  precipitated,  and  if  pure  water  is  used  for  washing,  de- 
cided traces  of  the  precipitate  are  dissolved. 

h.  By  Evaporation, 

a.  Put  the  substance  into  a  weighed  dish,  dissolve  in  dilute  nitric 
%cid,  add  moderately  dilute  pure  sulphuric  acid  slightly  in  excess,  and 
evaporate  at  a  gentle  heat,  best  over  a  heated  iron  cup,  until  the  excess 
of  sulphuric  acid  is  completely  expelled.  In  the  absence  of  organic  sub- 
stances, the  evaporation  may  be  efiected  without  fear  in  a  platinum 
dish ;  but  if  organic  substances  are  present,  a  light  porcelain  dish  is  pre- 
ferable. With  due  care  in  the  process  of  evaporation,  the  results  ai*e 
perfectly  accurate. 

fi.  Organic  compounds  of  lead  are  converted  into  the  sulphate  by  treat- 
ing tiiem,  in  a  porcelain  crucible,  with  pure  concenti^ated  sulphuric  acid  in 
szoeaSy  evapoititing  cautiously  in  che  well-covered  crucible  imtil  the 
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excess  of  sulpliurio  enAd  is  completely  expelled,  and  iguitiag  the 
Should  the  latter  not  look  perfectly  white,  it  must  be  moistened  onea 
more  with  sulphuric  acid,  and  the  operation  repeated.  The  method  gi^esi 
when  conducted  with  great  care,  accurate  results ;  a  trifling  loss  is,  hov< 
ever,  usually  incurred,  the  escaping  sulphurous  acid  and  carbonic  add 
gases  being  liable  to  carry  away  traces  of  the  salt. 

4.  Determination  aa  Chromate  of  Lead. 

If  the  solution  is  not  already  distinctly  acid,  render  it  jm>  with  aoetie 
acid,  then  add  bichromate  of  potassa  in  excess,  and,  if  free  nitric  acid  hai 
been  present,  add  acetate  of  soda  in  sufficient  quantity  to  replace  the  free 
nitric  acid  by  free  acetic  acid ;  let  the  precipitate  subside  at  a  gentle  heit^ 
aud  collect  on  a  weighed  filter  dried  at  100^ ;  wash  with  water,  diy  at 
100°,  and  weigh.  The  precipitate  may  also  be  ignited  according  to  §  53, 
but  in  this  case  care  must  be  taken  that  hardly  any  of  the  salt  remami 
adhering  to  the  paper,  and  that  the  heat  is  not  too  high.  For  the 
properties  of  the  precipitate,  see  §  93,  2.  The  results  are  accurate. 
(Expt.  No.  76.) 

6.  Determination  of  Lead  by  Volumetric  Analysia, 

H.  ScHWARZ^s  new  method.*    To  the  nitric  acid  solation  add  ammo- 
nia or  carbonate  of  soda,  as  long  as  the  precipitate  redisaolves  on  shak- 
ing ;  mix  with  acetate  of  soda  in  not  too  small  quantity,  and  then  nm  in 
from  a  burette  a  solution  of  bichix>mate  of  potash  (containing  14*759 
grm.  in  the  litre)  till  the  precipitate  begins  to  settle  rapidly.     Now  place 
on  a  porcelain  plate  a  number  of  drops  of  a  solution  of  neutral  nitrate 
of  silver,  and  proceed  with  the  addition  of  the  chromate,  two  or  three 
drops  at  a  time,  stirring  carefully  after  each  addition.     When  the  pre- 
cipitate has  settled  tolerably  clear,  which  takes  only  a  few  seconds,  re- 
move a  drop  of  the  supernatant  liquid  and  mix  it  with  one  of  the  dropi 
of  silver  on  the  plat«.     A  small  excess  of  chromate  gives  at  once  a  du* 
tinct  red  coloration ;  the  precipitated  chromate  of  lead  does  not  act  oo 
the  silver  solution,  but  remains  suspended  in  the  drop.     The  number  of 
c.  c.  of  solution  of  chromate  used  {minv^s  O'l,  which  Schwarz  deducts 
for  the  excess)  multiplied  by  0*0207 = the  quantity  of  lead.     If  the  fluid 
appear  yellow  before  the  reaction  with  the  silver  salt  occurs,  acetate  of 
soda  is  wanting.     In  such  a  case,  first  add  more  acetate  of  soda,  then  1 
c.  c.  of  a  solution  containing  0*0207  lead  in  1  c.  c,  complete  the  procea 
in  the  usual  way,  and  deduct  1  c.  c.  from  the  quantity  of  chromate  used 
on  account  of  the  extra  lead  added.     Any  iron  present  must  be  in  the 
form  of  scsquioxide ; '  metals  whose  chromates  are  insoluble^  moat  be 
removed  before  the  method  can  be  employed. 

§117. 

3.  Suboxide  of  Mercury. 

a.  Solution, 

Suboxide  of  mercury  and  its  compounds  may  generally  be  disaoM 
by  means  of  dilute  nitric  acid,  but  without  application  of  heat  if  conver 
sion  of  any  of  the  suboxide  into  oxide  is  to  be  avoided.  If  all  thatii 
required  is  to  dissolve  the  mercury,  the  easiest  way  is  to  warm  the  anl^ 
stance  for  some  time  with  nitric  acid,  then  add  hydrochloric  acid,  dnf 

♦  DlngL  Polyt.  Joum.  169,  284. 
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bj  drop,  and  continue  the  application  of  a  moderate  heat  until  a  perfectly 
clear  solution  Lb  produced,  which  now  contains  all  the  mercury  as  oxide 
and  chloride.  Heating  the  solution  to  boiling  must  be  carefully  avoided, 
as  otherwise  chloride  of  mercury  may  escape  with  the  steam. 

b.  Determination. 

If  it  is  impracticable  to  produce  a  solution  of  the  suboxide  or  its  com 
pounds  perfectly  free  from  oxide,  and  it  becomes  accordingly  necessary 
to  convert  the  mercury  completely  into  oxide,  the  latter  is  determined 
as  directed  §  118.  But  if  a  .solution  of  suboxide  has  been  obtained, 
quite  free  from  oxide,  the  determination  of  the  suboxide  may  be  based 
upon  the  insolubility  of  subchloride  of  mercury,  and  efiected  either 
gravimetrically  or  volumetrically.  The  process  of  determining  mercury, 
described  §  118,  1,  a,  may,  of  course,  be  applied  equally  well  in  the  case 
of  compounds  of  suboxide  of  mercury. 

1.  Determination  as  SuhcMoride  of  Mercury, 

Mix  the  cold  highly  dilute  solution  with  solution  of  chloride  of  sodium, 
as  long  as  a  precipitate  fo;:Tns ;  let  the  precipitate  subside,  collect  on  a 
weighed  filter,  dry  at  100°,  and  weigh.  For  the  properties  of  the  pre- 
cipitate, see  §  84.     Kesults  accurate. 

If  the  solution  of  suboxide  of  mercury  contains  much  free  nitric  acid, 
the  greater  part  of  this  should  be  neutralized  with  carbonate  of  soda 
before  adding  the  chloride  of  sodium. 

2.  Volumetric  Methods. 

Several  methods  have  been  proposed  under  this  head :  the  following 
are  those  which  are  most  worthy  of  reconmiendation : — 

a.  Mix  the  cold  solution  with  decinormal  solution  of  chloride  of  sodium 
(§  117,  /^),  until  this  no  longer  produces  a  precipitate, <and  is  accord- 
ingly present  in  excess ;  filter  and  wabh  thoroughly,  taking  care,  however, 
to  lunit  the  quantity  of  water  used ;  add  a  few  drops  of  solution  of  chro- 
mat«  of  potassa,  then  pure  carbonate  of  soda,  sufficient  to  impart  a  light 
yellow  tmt  to  the  fluid,  and  determine,  by  means  of  solution  of  nitrate 
of  silver  (§  141,6,  a),  the  quantity  of  chloride  of  sodium  in  solution, 
consequently  the  quantity  which  has  been  added  in  excess ;  this  shows, 
of  course,  also  the  amount  of  chloride  of  sodium  consumed  in  eflecting 
the  precipitation.  One  equivalent  of  Hgj  O  is  reckoned  for  every  equi- 
valent of  Na  CI,  consequently  for  every  c.  c.  of  the  decinormal  solution 
of  chloride  of  scniium,  0*0308  grm.  of  suboxide  of  mercury.  As  filtering 
and  washing  form  indispensable  parts  of  the  process,  this  method  aflbrds 
no  great  advantage  over  the  gi-avimetric ;  however,  the  results  are  accu- 
rate (Fb.  Mohr  *).  The  two  methods,  1  and  2,  a,  may  also  be  advan- 
tageously combined. 

6.  The  solution  containing  the  mercury  in  the  form  of  suboxide  is 
diluted  with  enough  water,  gently  warmed,  and  solution  of  hyposulphite 
of  soda — 12*4  grms.  in  the  litre — added  (waiting  a  little  and  shaking 
vigorously  after  each  addition),  till  the  last  drop  gives  no  brown  colora- 
tion. The  subsulphide  of  mercury  formed  subsides  well  and  quickly, 
aud  the  end  of  the  reaction  is  easy  to  perceive  (Hgg  O,  N  Og-f  Na  O,  S, 
Oa=Hga  S-f-Na  O,  S  Oj-hN  O^).  Each  1  c.  c.  of  the  solution  employed 
=  '0208  suboxide  of  mercury  or  '0200  mercury.    Results  accurate  (J.  J. 

t). 


*  Lehrbaoh  der  Titzirmethode,  ii  62.      f  ^^  Lehrbuch  der  Chemie,  1,  51L 
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§118. 

■ 

4.  Oxide  of  Mebcurt. 

a.  Solution, 

Oxide  of  mercury,  and  those  of  its  compounds  which  are  insoluble  u 
water,  are  dissolved,  according  to  circumstances,  in  hydi  ochloric  acid  oi 
in  nitric  acid.  Sulphide  of  mercury  is  heated  with  hydrochloric  acid, 
and  nitric  acid  or  chlorate  of  potassa  added  until  complete  solution  en- 
sues ;  it  is,  however,  most  readily  dissolved  by  suspending  it  in  dilute 
potassa  and  transmitting  chlorine,  at  the  same  time  gently  warming  (U. 
Rose).  When  a  solution  of  chloride  of  mercury  is  evaporated  on  the 
water-bath,  chloride  of  mercury  escapes  with  the  aqueous  vapor. 

h.  Determination. 

Mercury  may  be  weighed  in  the  metallic  stcUe^  or  as  mbchloride,  ni- 
phiile,  or  oxUle  (84)  ;  in  separations  it  is  sometimes  determined  as  loss  on 
ignition.     It  may  also  be  estimated  volumetrically. 

The  three  first  methods  may  be  used  in  almost  all  cases  ;  the  determi' 
nation  as  oxide,  on  the  contrary,  is  possible  only  in  compounds  of  tkj 
oxide  or  suboxide  with  nitric  acid.  The  methods  by  which  the  mercuiy 
is  determined  as  subchloride  or  sulphide  are  to  be  preferred  before  thoM 
in  which  it  is  separated  in  the  metallic  foim.  Of  the  volumetric  methodt 
the  fii*st  can  be  employed  in  many  cases,  while  the  second  and  third  an 
only  of  very  limited  application. 

1.  Determination  as  Metallic  Mercury, 

a,  lA  the  Dry  Way. 
The  process  is  conducted  in  the  apparatus  illustrated  by  fig.  50. 


Fig.  60. 

Take  a  tube  eighteen  inches  long,  and  about  four  lines  wide,  made  of 
difficultly  fusible  glass,  and  sealed  at  one  end.  First  put  into  the  tubet 
mixture  of  bicarbonate  of  soda  and  powdered  chalk,  then  a  layer  of 
quick-lirae ;  these  two  will  occupy  the  space  from  ato  h.  (Let  the  mix- 
ture for  generating  carbonic  acid  take  up  about  two  inches).  Then  add 
the  intimate  mixture  of  the  substance  with  an  excess  of  quick-lime  (6-c), 
then  the  lime-rinsings  of  the  mortar  {c-cl)^  then  a  layer  of  quick-lime 
('/-c),and  lastly,  a  loose  stopper  of  asbestus  {e-f).  The  anterior  end  of 
the  tube  is  then  drawn  out,  and  bent  at  a  somewhat  obtuse  angle.  The 
manipulations  in  the  processes  of  mixing  and  filling  being  the  same  at 
in  organic  analysis,  they  will  be  found  iu  detail  in  the  chapter  on  thai 
subject. 

A  few  gentle  taps  upon  the  table  are  sufficient  to  shake  the  oontenii 
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of  the  tube  down  so  as  to  leave  a  free  passage  through  the  whole  length 
of  the  tube.  The  tube,  so  prepared  and  arranged,  is  now  phiced  in  a 
combustion  furnace,  the  point  being  inserted  into  a  flask  containing 
water,  the  surface  of  which  it  should  just  touch,  so  that  the  opening  may 
be  just  closea. 

The  tube  is  now  surrounded  with  red-hot  charcoal,  in  the  same  way 
as  in  organic  analysis,  proceeding  slowly  from  6  to  a,  the  last  traces  of 
mercurial  vapor  being  expelled  by  heating  the  mixture  at  the  sealed 
end  of  the  tube.  Whilst  the  tube  still  remains  in  a  state  of  intense 
ignition,  the  neck  is  cut  off  at  f^  and  carefully  and  completely  rinsed  in- 
to the  receiving  flask,  by  means  of  a  wasliing-bottle.  The  small  globules 
of  mercury  which  have  distilled  over  are  united  into  a  large  one,  by  agi- 
tating the  flask,  and,  after  the  lapse  of  some  time,  the  perfectly  clear 
water  is  decanted,  and  the  mercury  poured  into  a  weighed  porcelain 
crucible,  where  the  greatei'  portion  of  the  water  still  adhering  to  it  is 
removed  with  blotting-paper.  The  mercury  is  then  Anally  dried  under 
a  bell-jar,  over  concentrated  sulphuric  acid,  until  the  weight  remains 
constant.  Heat  must  not  be  applied.  For  the  propeiiiies  of  the  metal, 
see  §  84.  In  the  case  of  sulphides,  in  order  to  avoid  the  presence  of 
■vapor  water  in  the  tube,  which  would  give  rise,  to  the  formation  of  sul- 
phuretted hydrogen,  the  mixture  of  bicarbonate  of  soda  and  chalk 
is  replaced  by  magnesite.  Iodide  of  mercury  cannot  be  completely 
decomposed  by  lime.  To  analyze  this  in  the  dry  way,  substitute  finely 
divided  metallic  copper  for  the  lime  (H.  Rose  *).  The  accuracy  of  the 
results  is  entirely  dependent  upon  the  cai'e  bestowed.  The  most  highly 
accurate  results  are,  however,  obtained  by  the  application  of  the  some- 
what more  complicated  modification  adopted  by  Erdmann  and  Marchand 
for  the  determination  of  the  atomic  weight  of  mercuiy  and  of  sulphur.  For 
the  details  of  this  modified  process,  I  refer  to  the  original  essay,f  simply 
remarking  here,  that  the  distillation  is  conducted,  in  a  combustion -tube, 
in  a  current  of  carbonic  gas,  and  that  the  distillate  is  received  in  a 
weighed  bulb  apparatus  with  the  outer  end  filled  with  gold-leaf,  to  in- 
sure the  condensation  of  every  trace  of  mercury  vapor.  This  way  of 
receiving  and  condensing  may  be  employed  also  in  the  analysis  of 
amalgams  (KbNio  J). 

h.  In  the  Wet  Way. 

The  solution,  free  from  nitric  acid,  and  mixed  with  free  hydrochloric 
acid,  is  precipitated,  in  a  flask,  with  an  excess  of  a  clear  solution  of  proto- 
chloride  of  tin,  containing  free  hydrochloric  acid ;  the  mixture  is  boiled 
for  a  short  time,  and  then  allowed  to  cool.  After  some  time,  the  perfectly 
clear  supernatant  fluid  is  decanted  from  the  metallic  mercury,  which,  under 
favorable  ciixjumstances,  will  be  found  united  into  one  globule  ;  if  this  is 
the  case,  the  globule  of  mercury  may  be  washed  at  once  by  decantation, 
firHt  with  water  acidulated  with  hydrochloric  acid,  and  finally  with  pure 
water ;  it  is  dried  as  in  a. 

If,  on  the  other  hand,  the  particles  of  the  mercury  have  not  united, 
their  union  in  one  globule  may  as  a  rule  be  readily  effected  by  boiling  a 
short  time  with  some  moderately  dilute  hydrochloric  acid  mixed  with  a 

*  Pogg.  Annal.  110,  546 

{Joom.  1  prakt  Ghem.  81,  385 ;  also  Pharm.  Centralbl  1844,  854. 
Joum.  f.  prakt.  Ghem.  70,  64. 
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few  drops  of  protochloride  of  tin  (having,  of  course,  preTionsly  removed  hj 
decantation  the  supernatant  clear  fluid).  For  the  properties  of  rootalHe 
mercury,  see  §  84. 

Instead  of  protochloride  of  tin,  other  reducing  agents  may  be  used, 
especially  phosphorous  acid  at  a  boiling  temperature.  This  method 
gives  accurate  results  only  when  conducted  with  the  greatest  care.  In 
general,  a  little  mercury  is  lost  (Comp.  Expt.  No.  77). 

2.  Determin/ition  as  SuhcMori/Je  of  Mercury, 

a.  After  II.  Rose.*  Mix  the  solution  of  mercury,  which  may  contain 
nitric  acid,  with  hydrochloric  acid  and  excess  of  phosphorous  acid  (obtained 
by  the  deliquescence  of  i)hosphorus  in  moist  air),  allow  to  stand  for  13 
hours  in  the  cold  or  at  a  \evy  gentle  heat  (at  all  events  under  60°),  collect 
the  raercuiy,  now  completely  se]mrated  as  subchloride,  on  a  weighed  filter, 
wash  with  hot  water,  dry  at  100°,  and  weigh.  Kesults  perfectly  sttifi- 
factory. 

b.  Mix  the  moderately  dilute  solution  of  oxide  of  mercury,  which  m»y 
cont^iin  nitiic  acid,  with  a  sufficient  quantity  of  chloride  of  sodium  (if 
enough  liydrochloiic  acid  is  not  already  present),  add  a  solution  of  proto* 
sulphate  of  iron  (for  1  grm.  Hg  O  at  least  3  grm.  of  the  iron  salt),  then 
solution  of  soda  in  excess,  whereby  a  brownish-black  preci]>itate  fall^ 
which  is  a  mixture  of  sulK>xide  of  mercury  and  protosesquioxide  of 
iron  (2  Hg  O  -h  3  Fe  O  =  Hg,  O  +  Fe,  O,).  Digest  with  shaking  for 
a  few  minutes,  add  dilute  sulphuric  acid  in  excess  and  allow  to  stand, 
shaking  every  now  and  then,  till  the  dark-colored  precipitate  has  turned 
pure  white,  i,e.  till  the  suboxide  of  mercury  is  completely  converted  inw 
subchloride  by  the  free  hydrochloric  acid.  Collect  on  a  weighed  filto; 
wash,  dry  at  100°,  and  weigh.     Results  accurate  (Hehpel  j). 

3.  Determination  as  Sniplihh  of  Mercury, 

Tlie  solution  is  sufficiently  diluted,  acidulated  "with  hydrochloric  acid, 
and  preei})itiit(?d  ^vith  clear  saturated  sulphuretted  hydrogen  water  (or in 
tlici  cjuse  of  lar^^o  qtiantilies,  by  passing  the  gas)  ;  filter  after  allowing tJM 
proci})itatfi  a  short  time  to  dt^posit,  wash  quickly  with  cold  water,  dry  it 
100  ,  and  wejigh.     llcisults  very  satisfact<;)ry. 

If  fiom  any  cause  {e.g,  presonco  of  sesquioxide  of  iron,  free  chlorine,  or 
the  like)  the  precipitate  should  contain  free  sulphur,  the  filter  is  spread 
out  on  a  glass  i>]ate,  the  precipitate  removed  to  a  porcelain  dish  by  the  aid 
of  a  jet  from  the  wash-bottle,  and  warmed  for  some  time  with  a  moderatelf 
strong  solution  of  sulphite  of  soda.  The  filter,  having  been  in  themeas 
while  somewhat  dried  on  the  glass  plate,  is  replaced  in  the  funnel,  tie 
supernatant  (biid  is  poured  on  io  it,  the  treatment  with  sulpliite  of  snda  H 
repeated,  and  the  pnuripitate  (now  free  from  sulphur)  is  finally  collected 
on  the  filter,  wash('<l,  drietl,  and  weighed.     R(»sults  very  good  (J.  Lilwr^). 

Shcmld  the  quantity  of  sulphur  mixed  with  the  precipitate  benotverr 
large,  it  may  be  removed  also  as  follows  :  the  precipitate  is  first  wasW 
with  water,  then  twice  with  strong  alcohol,  then  rcjwatedly  with  bisBi- 
pliidc  of  carbon,  till  a  few  drops  of  the  washings  evaporate  on  a  watA 

♦  PojjT.  Annal.  110,  520. 

{Annal.  d.  Chem.  u.  Pharm.  107,  97  ;  and  110,  177, 
Joum.  f .  prakt.  Chem.  77,  73. 
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glass  without  leaving  a  residue.     (The  precipitate  is  retained  on  the  filter 
throughout  this  operation.) 

Properties  of  the  sulphide  of  mercury,  §  84. 

4.  Determination  as  Oxide, 

In  the  salts  of  the  oxides  of  mercury,  with  nitrogen  acids,  the  metal 
may  be  very  conveniently  determined  in  the  form  of  oxide  (Marion AO  *). 
For  this  purpose,  the  salt  is  heated  in  a  bulb-tube,  of  which  the  one  end, 
drawn  out  to  a  point,  dips  under  water,  the  other  end  being  connected 
with  a  gasometer,  by  means  of  which  dry  air  is  transmitted  through  the 
tube,  as  long  as  the  application  of  heat  is  continued.  In  this  way  com- 
plete decompbsition  of  the  salt  is  readily  efiecterl,  without  reaching  the 
temperature  at  which  the  oxide  itself  would  be  decomposed. 

5.  Volumetric  Methods. 

After  J.  J.  ScHERER.f  The  nitrate  or  chloride  of  mercury  may  be 
directly  determined  with  hyposulphite  of  soda.  The  reactions  are  as 
ibilows:  3(HgO,N O5)  -h  2  (NaO,S,0, )  =  (2  HgS  -f  Hg  0,N0,)  +2 
(Na  0,803)  +  2NO.and3HgCl  -j-  2  (NaO,S,03) -f- 2H  0  =  (2  Hg 
S,  Hg  CI)  -f  2  (Na  O,  SO3)  +  2  H  CI.  The  process  is  conducted  as  follows 
in  the  case  of  nitrate  of  mercury  :  Mix  the  highly  dilute  solution  with  a 
little  free  nitric  acid  in  a  tall  glass  and  add  drop  by  drop  solution  of  hypo- 
sulphite of  soda — 12*4  grm.  in  a  litre.  Each  drop  produces  an  intense 
yellow  cloud,  which  on  shaking  quickly  subsides  in  the  form  of  a  heavy 
flocculent  precipitate  (2  Hg  S  -h  Hg  O,  N  Og).  In  order  to  distinguish 
clearly  the  exact  end  of  the  reaction,  Scherer  recommends  to  transfer 
the  fluid  towards  the  end  to  a  measuring  flask,  to  take  out  -^  or  ^  of  the 
dear  fluid  and  to  finish  with  this.  The  portion  of  hyposulphite  last  used 
is  multiplied  by  3  or  2,  as  the  case  may  be,  and  added  to  the  quantity 
first  used.  1  c.  c.  of  the  solution  corresponds  to  '015  mercury,  or  '0162 
oxide  of  mercury.  The  relation  is  not  changed  even  when  the  fluid  con- 
tains another  acid  (sulphuric,  phosphoric). 

In  the  case  of  chloride  of  mercury,  the  highly  dilute  solution  is  mixed 
with  a  little  hydrochloric  acid  and  warmed,  nearly  to  boiling,  before 
beginning  to  add  the  hyposulphite  of  soda.  At  first  a  white  turbidity  is 
formed,  then  the^precipitate  separates  in  thick  flocks.  When  the  solution 
begins  to  appear  transparent,  the  precipitant  is  added  more  slowly.  In 
order  to  hit  the  end  of  the  reaction  exactly,  small  portions  must  be  filtered 
off  towards  the  close.  The  precipitate  must  be  completely  white  ;  if  too 
much  hyposulphite  has  been  added,  it  is  gray  or  blackish,  and  the  experi- 
ment must  be  repeated.  Scherer  obtained  very  accurate  results.  Of 
coui-se  no  other  metals  must  be  present  that  exert  a  decomposing  action 
oa  hyposulphite  of  soda. 

§119. 
5.  Oxide  op  Copper. 

0.  Solution, 

Metallic  copper  is  best  dissolved  in  nitric  acid.  Oxide  of  copper,  and 
fciiOBe  of  its  sidts  which  are  insoluble  in  water,  may  be  dissolved  in  nitric, 
hydrochloric,  or  sulphuric  acid.     Sulphide  of  copper  is  treated  with 

*  Jahieeber.  von  Liebig  a.  Eopp,  1849,  694. 
t  Hia  Lehrbuch  der  Ghemie,  i  SlS. 
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fuDiing  Ditric  acid,  or  it  is  heated  with  moderately  dilute  nitric  add, 
until  the  separated  sulphur  exhibits  a  pure  yellow  tint ;  addition  of  a 
little  hydrochloric  acid  or  chlorate  of  potassa  greatly  promotes  the  actin 
of  the  dilute  acid.     [Native  sulphides  are  easily  deoomjKMed  by  a  mix 
ture  of  strong  nitric  and  sulphuiic  acids.] 

b.  Determination. 

Copper  may  be  weighed  in  the  form  of  oxidsy  or  in  the  mteiaUic  M^ 
or  as  substilphide  (§  85).  Into  the  form  of  oxide  it  is  converted  by  pie* 
cipitAtion  or  ignition,  sometimes  with  previous  precipitation  as  sulpluda 
The  determination  as  subsulphide  is  preceded  usually  by  precipitatus 
either  as  sulphide  or  as  sulphocyanide.  Copper  may  be  determined  tin 
by  various  volumetric  and  indirect  methods. 

We  may  convert  into 

1.  Oxide  op  Copper. 

a.  J)f/  direct  Precipitation  (U  Oxide. 

All  salts  of  oxide  of  copper  soluble  in  water,  and  also  those  of  the  m- 
soluble  salts,  the  acids  of  which  may  be  removed  upon  solution  in  iiifcM 
acid,  provided  no  non- volatile  organic  substances  be  present. 

b.  JBi/  Precipitation,  preceded  by  Ignition  of  the  Compound, 

Such  of  the  salts  enumerated  sub  a  as  contain  a  non-volatile  oiguuB 
substance,  thus  more  particularly  salts  of  copper  with  non-volatile  oiguk 
acids. 

c.  By  Precipitation  as  Stdphide  of  Copper. 
All  compounds  of  copper  without  exception. 

d.  Py  Iffnition. 

Salts  of  copyior  with  oxygen  aoids  that  are  readily  volatile  or  deco* 
posable  at  a  high  teinperatui*e  (carbonate  of  copj>er,  nitrate  of  copper). 

2.  Metallic  Copper. 

Oxide  of  copper  in  all  solutions  free  &om  other  metals  precipitable  l^* 
zinc. 

3.  Subsulphide  of  Copper. 

Oxide  of  copper  in  all  cases  in  which  no  other  metals  are  present  tbift 
aie  pn^ipitablo  by  sulphuretted  hydrogen,  hyposulphite  of  soda,  onal' 

phocyanido  of  potiissium. 

Of  tho  nuithods  of  estimating  copper,  I  prefer — ^in  all  cases  whew  4i 
choice  Ls  left  free  and  where  preci})itation  cannot  be  avoided — metW 
2,  as  the  i^rocoss  is  more  raj)iclly  performed  than  is  the  case  with  medwi 
1,  while  the  results  are,  at  least,  equally  accui-ate.  Method  3  finds  ap- 
plication chiefly  in  separations  of  copper  from  other  metals,  andUtii 
now  c^inied  out,  very  exact  and  convenient.  The  volumetric  metfcoi 
are  es]>ecially  adapted  for  technical  purposes,  but  they  are  inferior  ii 
method  2  in  simplicity  and  accuracy. 


1.  Petermination  as  Oxide  of  Copper. 

a,  Py  direct  Precipitation  as  Oxide,  |  \ 

a.  Prom  Neutral  or  Acid  Solutions. 
Heat  the  ratJier  dilute  solution  in  a  platinum  or  poroelain  dishi  ii^ 
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cipient  ebullition,  add  a  somewhat  dilute  solution  of  pure  soda  or  potassa 
until  tlie  formation  of  a  precipitate  ceases,  and  keep  the  mixtui-e  a  few 
minutes  longer  at  a  temperature  near  boiling.  Allow  to  subside,  filter 
otF  the  fluid,  wash  the  precipitate  by  decantation  twice  or  thrice,  boiling 
up  each  time,  then  collect  it  on  the  filter,  wash  thoroughly  with  hot 
water,  dry,  Mid  ignite  in  a  platinum  crucible,  as  directed  §  53.  After 
intense  ignition,  and  having  added  the  ash  of  the  filter,  let  the  crucible 
cool  in  the  desiccator,  and  weigh.  The  action  of  reducing  gases  must  be 
carefully  guarded  against  in  the  process  of  ignition. 

It  will  sometimes  happen,  though  mostly  from  want  of  proper  atten- 
tion to  the  directions  here  given,  that  particles  of  the  oxide  of  copper 
adhere  so  tenaciously  to  the  dish  as  to  be  mechanically  irremovable.  In 
a  case  of  this  kind,  after  washing  the  dish  thoroughly,  dissolve  the  ad- 
hering particles  with  a  few  drops  of  nitric  acid,  and  evaporate  the  solu- 
tion over  the  principal  mass  of  the  precipitated  oxide,  before  you  proceed 
to  ignite  the  latter.  Should  the  solution  be  rather  copious,  it  must  first 
be  concentrated  by  evaporation,  until  only  vmy  little  of  it  is  left.  For 
the  properties  of  the  pi-ecipitate,  see  §  85. 

With  proper  attention  to  the  directions  here  given,  the  results  obtained 
by  this  method  are  quite  accurate,  otherwise  they  may  be  either  too  high 
or  too  low.  Thus,  if  the  solution  be  not  sufficiently  dilute,  the  precipi- 
tant will  fail  to  throw  down  the  whole  of  the  oxide  of  copper ;  or,  if  the 
precipitate  be  not  thoroughly  washed  with  hot  water,  it  will  retain  a  por- 
tion of  the  alkali  ;  or,  if  the  ignited  precipitate  be  allowed  to  stand  ex- 
posed to  the  air,  before  it  is  weighed,  an  increase  of  weight  will  be  the 
result ;  and  so,  on  the  other  hand,  a  diminution  of  weight,  if  the  oxide 
be  ignited  with  the  filter  or  under  the  influence  of  reducing  gases,  as 
thereby  suboxide  woidd  be  formed.  Should  a  portion  of  the  oxide  have 
suffered  reduction,  it  must  be  reoxidized  by  moistening  with  nitric  acid, 
evaporating  cautiously  to  dryness,  and  exposing  the  residue  to  a  gentle 
heat,  increasing  this  gradually  to  a  high  degree  of  intensity. 

Let  it  be  an  invariable  rule  to  test  the  filtrate  for  copper  with  sulphu- 
retted hydrogen  water.     If^  notwithstanding  the  strictest  compliance 
with  the  directions  here  given,  the  addition  of  this  reagent  produces  a 
precipitate,  or  imparts  a  brown  tint  to  the  fluid,  this  is  to  be  attributed 
to  the  presence  of  organic  matter ;  in  that  case,  concentrate  the  filtrate 
and  waah-water  by  evaporation,  acidify,  precipitate  with  sulphuretted 
iydrogen  water,  treat  the  precipitated  sulphide  as  directed  in  c,  and  add 
tihe  oxide  obtained  to  the  first  precipitate  in  the  filter.     It  is  also  highly 
advisable  not  to  neglect  dissolving  the  oxide  of  copper,  after  weigliing, 
&i  hydrochloric  acid,  in  order  to  detect,  and,  if  necessary,  estimate,  any 
•dlicic  acid  which  might  be  present. 

0.  From  Alkaline  Solutions, 

From  ammoniacal  solutions  also,  oxide  of  copper  may  be  precipitated 
^y  soda  or  potassa.  In  the  main,  the  process  is  conducted  as  in  a.  A  fter 
3^>recipitation  the  mixture  is  heated,  until  the  supernatant  fluid  has  be- 
^E9ome  perfectly  colorless ;  the  fluid  is  then  filtered  off*  with  the  greatest 
'X^ossible  expedition.  If  allowed  to  cool  with  the  precipitate  in  it  a  small 
^Mrtion  of  the  latter  would  redissolve. 

h.  By  PirecipUaHan  tu  Oxide^  preceded  by  Ignition  of  the  Substance, 
Heat  the  sabstance  in  a  porcelain  crucible,  until  the  organic  matter 
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present  is  totally  destroyed ;  diuolye  the  residue  in  dilute  uitric 
filter,  if  necessary,  and  treat  the  clear  solution  as  direotcid  in  a,  a. 

c.  By  Precipitation  cu  Sulphide  of  Copper, 

Precipitate  the  solution — which  is  best  neutral,  or  sli|^tly  add,  but 
should  not  contain  a  great  exitess  of  nitric  add — according  to  the  quui* 
tity  of  copper  present,  either  by  the  addition  of  strong  sulphuretted  hj» 
drogen  water,  or  by  passing  the  gas.  When  the  precipitate  hu  falrf 
subsided,  and  you  have  made  sure  t]iat  the  supernatant  fluid  is  no  longer 
colored  or  precipitated  by  strong  BiUphweUed  hydrogen  vxUer^  filter  off 
quickly,  wash  the  precipitate  without  intermission  with  water  contaiib 
ing  sulphuretted  hydrogen  (to  pi-event  oxidation),*  and  dry  on  the  filtv 
with  some  expedition ;  transfer  the  dried  precipitate  to  a  beaker,  indDe* 
rate  the  filter  in  a  small  porcelain  dish,  add  the  ash  to  the  predpttite; 
treat  with  moderately  dilute  nitric  acid,  add  some  hydrochloric  acid,iDd 
heat  gently  until  the  separated  sulphur  appears  of  a  pure  yellow  oolor; 
dilute  now  with  water,  filter,  and  precipitate  as  directed  in  a. 

Instead  of  precipitating  the   copper,   as  sulphide,  with  hydroeol- 

ghuric  acid,  or  an  alkaline  sulphide,  it  may  also  be  precipitated  with 
yposulphite  of  soda.  To  this  end,  the  solution  of  copper  (whidi,  if  im^ 
oessary,  must  be  freed  as  far  as  practicable  from  hydrochloric  aod  104 
nitric  acid,  by  evaporation  with  sulphuric  acid)  is  sufficiently  dUvted, 
heated  to  boiling,  and  mixed  with  a  solution  of  hyposulphite  of  Boda,  tf 
long  as  a  black  precipitate  forms.  As  soon  as  this  has  subsided,  lesTiDg 
only  suspended  sulphur  in  the  supernatant  fiuid,  the  precipitatioii  of 
the  copper  is  complete.  The  precipitate  is  subsulphide  of  copper  (Out 
S)  ;  it  may  easily  be  washed  without  risk  of  oxidation  (FLAJOLort)- 
It  is  finally  converted  into  oxide  as  directed  in  1,  a. 

Instead  of  converting  the  sulphide  or  subsulphide  of  copper  into  o^' 
ide,  I  always  prefer  to  weigh  them  as  subsulphide,  see  3. 

d.  By  Ignition. 

The  salt  is  put  into  a  platinum  or  porcelain  crucible,  and  exposed  tC 
a  very  gentle  heat,  which  is  gradually  increased  to  intense  redness ;  tl^^ 
residue  is  then  weighed. 

As  nitrate  of  copper  spirts  strongly  when  ignited,  it  is  always  adviB** 
ble  to  put  it  into  a  small  covered  platinum  crucible,  and  to  place  tb^ 
latter  in  a  largo  one,  also  covered.  With  proper  care,  the  results  at^ 
accurate.  Copper  salts  >vith  organic  acids  may  also  be  converted  into 
oxide  by  simple  ignition.  To  this  end,  the  residue  first  obtained,  which 
contains  suboxide,  is  completely  oxidized,  by  repeated  moistening  witi* 
nitric  acid,  and  ignition.  However,  a  loss  of  substance  is  genersJly  vor 
curred  in  this  process,  from  the  difficulty  of  avoiding  spirtLog. 

2,  Determination  as  Metallic  Copper,\ 

a.  By  I^rerlpitation  with  Zinc. 

Introduce  the  solution  of  copper,  after  having,  if  required,  first  freo^ 


[*  Mohr  findR  that  sulphide  of  copper,  when  precipitated  at  a  boiling  heat  b^ 
HS  from  solution  of  the  sulphate,  does  not  oxidize  bj  exposure  to  the  air,  n^* 
washes  easily.  ] 

JJoum.  f.  prakt.  Chem.  61,  105. 
The  method  of  precipitating  copper  bj  iron  or  zinc,  and  weighing  it  in  tl»^ 
metallic  form,  was  proposed  long  ago ;   see  Pfaff  s  Handbuch  der  analytiwohg^ 
Ohemie,  Altona,  182^,  Bd.  2,  Seite  269,  where  the  reasons  are  given  for  pfefo^*" 
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it  from  nitric  acid,  by  evaporation  with  hydrochloric'  acid  or  sulphuric 
acid,  into  a  weighed  platinum  dish ;  dilute,  if  necessary,  with  some 
water,  throw  in  a  piece  of  zinc,  soluble  in  hydrochloric  acid  without 
residue,  and  add,  if  necessary,  hydrochloric  acid  in  sufficient  quantity  to 
produce  a  moderate  evolution  of  hydrogen.  If,  on  the  other  hand,  this 
evolution  should  be  too  brisk,  owing  to  too  large  excess  of  acid,  add  a 
little  water.  Cover  the  dish  with  a  watch-glass,  which  is  afterwards 
rinsed  into  the  dish  with  the  aid  of  a  washing-bottle.  The  separation 
of  the  copper  begins  immediately  ;  a  large  proportion  of  it  is  deposited 
on  the  platinum  in  form  of  a  solid  coating ;  another  portion  separates, 
more  particularly  from  concentrated  solutions,  in  the  foim  of  red  spongy 
masses.  Application  of  heat,  thoiigh  it  promotes  the  reaction,  is  not  ab- 
solutely necessary ;  but  there  must  always  be  sufficient  free  acid  present 
to  keep  up  the  evolution  of  hydrogen.  After  the  lapse  of  about  an  hour 
or  two,  the  whole  of  the  copper  has  separated.  To  make  sure  of  this, 
test  a  small  portion  of  the  supernatant  fluid  with  sulphuretted  hydrogen 
"water ;  if  this  foils  to  impart  a  brown  tint  to  it,  you  may  safely  assume 
that  the  precipitation  of  the  copper  is  complete.  Ascertain  now,  also, 
•whether  the  zinc  is  entirely  dissolved,  by  feeling  about  for  any  hard 
lumps  with  a  glass  rod,  and  observing  whether  renewed  evolution  of 
hydrogen  will  take  place  upon  addition  of  hydrochlonc  acid.  If  the 
results  are  satisfactory  in  this  respect  also,  press  the  copper  together 
"with  a  glass  rod,  decant  the  clear  fluid,  which  is  an  easy  operation,  pour, 
without  loss  of  time,  boiling  water  into  the  dish,  decant  again,  and  repeat 
this  operation  until  the  washings  are  quite  free  from  hydrochloric  acid. 
Decant  the  water  now  as  far  as  practicable,  rinse  the  dish  with  strong 
alcohol,  place  in  the  water-bath,  and,  when  the  copper  is  perfectly  dry, 
let  it  cool,  and  weigh.  If  you  have  no  platinum  dish,  the  precipitation 
may  be  effected  also  in  a  porcelain  crucible  or  glass  dish  ;  but  it  will,  in 
that  case,  take  a  longer  time,  owing  to  the  absence  of  the  galvanic  antag- 
onism between  platinum  and  zinc ;  and  the  whole  of  the  copper  will  be 
obtained  in  loose  masses,  and  not  flrmly  adhering  to  the  sides  of  the  cruci- 
ble or  dish,  as  in  the  case  of  precipitation  in  platinum  vessels. 

The  results  are  very  accurate.  The  direct  experiment.  No.  78,  gave 
100-0  and  100-06,  instead  of  100.  Fr.  Mohr  {loc,  cit.)  obtained  equally 
8atis£Eu;tory  results  by  precipitating  in  a  porcelain  crucible.* 

6.  JJt/  Precipitation  tvith  a  Ilypophosphite, 

The  rather  concentrated  solution  in  sulphuric  acid  (chlorine  and 
^tric  acid  must  not  be  present)  is  treated  with  excess  of  a  solution  of  a 
IiypophoHphite  in  the  cold,  and  then  gradually  warmed  on  the  water-bath 
%o  80°— 9U°.  The  copper  shortly  separates  in  coherent  masses  of  hydi-ide 
of  coppei.  When  the  precipitation  is  complete,  as  may  be  ascertained 
fcy  means  of  sulphuretted  hydrogen,  or  other  appropriate  test,  the  pre- 
^pitate  is  washed  with  hot  water  by  decantation,  transferred  to  a  porce- 
lain crucible,  as  described  on  p.  207,  and,  after  diying,  ignited  and  cooled 

a  stream  of  hydrogen  gas  (fig.  47,  p.  181),  or  it  is  collected  on  a  filter. 


zino  a«  a  precipitant,  and  sulphuretted  hydrogen  is  recommended  as  a  test 
asoertfuning  whether  the  precipitation  is  complete.     I  mention  this  with 
^PBferenoe  to  F^.  Mohr^s  paper  in  the  AnnaL  d.  Chem.  n.  Pharm.  06,  215,  and 
lemann^B  Probirkunst  von  Kerl,  Seite  220. 

*  Storer  (On  the  alloys  of  copper  and  zinc,  Cambridge,  1860,  p.  47)  says  that 
10  precipitated  copper  retains  water,  but  I  have  not  f  onnd  this  to  be  the  case 
C^  Ezpt  No.  79). 
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and,  after  calcination,  weighed  in  a  close  crucible  as  oxide.     BesoUi 
very  accurate  (Gibbs  *). 

3.  Determination  as  Substdphide  of  Copper, 

a.  By  Precipitation  a>8  Sulphide. — ^Precipitate  the  copper  as  in  \,t^ 
dry,  transfer  to  a  porcelain  crucible,  add  the  filter-ash  and  some  pure 
]>owdored  sulphur  and  ignite  strongly  in  a  stream  of  hydrogen  (§  108, 
tig.  47).  It  is  advisable  to  use  a  gas  blast-lamp.  The  results  are  veiy 
accurate  (H.  Hose  f). 

h.  By  Precipitation  as  SvhmLpl\ocyanitle^  after  RivoT.  J — ^The  solu- 
tion should  be  as  free  as  possible  from  nitiic  acid  and  free  chlorine,  tnd 
not  too  acid.  Add  sulphurous  or  hypophosphorous  acid  in  sufficient 
quantity,  and  then  solution  of  sulphocyanide  of  potassium.  The  copper 
precipitates  as  white  subsulphocyanide.  It  is  filtered  after  standing 
some  time,  washed  and  dried,  mixed  with  sulphur,  ignited  in  hydrogen  in 
the  apparatus  alluded  to  in  a,  and  this  ignition  with  sulphur  is  repeated 
till  the  weight  is  constant.  The  precipitate  may  also  be  collected  on  i 
weighed  filter,  dried  at  100°,  and  then  weighed.  The  experiment,  No. 
80,  conducted  in  the  latter  way,  gave  99*66  instead  of  100. 

c.  Oxide  and  suboxide  of  copper,  sulphate,  and  many  other  salts  of 
copper  may  be  directly  converted  into  subsulphide,  by  miying  with  sul- 
phur and  iguiting  in  hydrogen  as  in  a  (H.  KosE,  loc.  ctt.).  The  results  an 
thoroughly  satisfactory. 

4.  Volumetric  Methods,  ' 

Of  the  numerous  proposals  under  this  head,  the  following  are  the  best 

a.  De  Haen's  Method.§ 

I  recommend  this  niothod,  which  was  devised  in  my  own  laboratorrj 
as  more  especially  applicable  in  cases  where  small  quantities  of  copier  are 
to  be  estimated  in  au  expeditious  way.  The  method  is  based  upon  tk 
fact  that,  when  a  salt  of  oxide  of  cojjper  in  solution  is  mixed  with  iodide 
of  potassium  iu  excess,  subiodide  of  copper  and  fi*ee  iodine  are  formed, 
the  latter  remaining  dissolved  in  the  solution  of  iodide  of  potassium:  S 
(CuO,  S  0:,)-h2  K  I=Ou,  H-2  (K  O,  S  0,)4-I.  Now,  by  estimating 
the  iodim;  by  Bunsen's  method,  or  with  hyposulphite  of  soda  (§  146), 
we  learn  the  quantity  of  copper,  as  1  eq.  iodine  (127)  coiTesponds  to  J 
eq.  copper  (()IV4).  The  following  is  the  most  convenient  way  of  pro- 
ceeding. Dissolve  the  compoimd  of  copper  in  sulphuric  acid,  best  to  a 
neutral  solution;  a  modorat'C  t^xcess  of  free  sulphuric  acid,  howeTffi 
does  not  injuriously  affect  the  process.  Dilute  the  solution,  in  ameafu^ 
ing  fliisk,  to  a  definite  volume ;  100  c.  c.  should  contain  from  1  to  Sgntt 
oxide  of  copper.  Introduce  now  about  10  c.  c.  of  iodide  of  potassium  m^ 
lution  (1  iodide  of  potassium  in  10  water)  into  a  large  beaker,  add  lOcfe 
of  the  copper  solution,  mix,  and  then  proceed  toitfumt  dday  to  detennn* 

♦  Am.  Joum.  Sci.  2d  Ser.  xliv.  210. 

t  Compt.  rend.  88,  8(>8 ;   Joum.  f.  prakt  Chem.  62,  252. 

i  Pogjf.  Annal.  110,  138. 

§  Aimal.  d.  Chem.  u.  Pharm.  91,  237. 

I  Brown  (Quart.  Joum.  of  the  Chem  Soa  x.  65),  whopnbliahedthisMSM' 
method  in  18o7,  must  have  been  ignorant  of  its  previous  publicatioii  inltti 
The  little  variation,  too.  of  determining  the  iodine  with  hypooolphite  of  ■odsdi' 
oordinfT  to  Schwarz)  inHtcad  of  with  pnlphurous  r.cid  nccording'  to  BvMflJl 
may  be  found  in  Mohr*B  Luhrbuch  der  Titrirmethode,  i.  387  (1855j 
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the  separated  iodine  by  means  of  hyposulphite  of  soda  (§  146).  It  ig 
scarcely  necessary  to  mention  that  the  copper  solution  must  be  free 
from  sesquioxide  of  iron  and  other  bodies  which  decompose  iodide 
of  potassium,  also  free  nitric  acid,  and  free  hydrochloric  acid.  With 
strict  attention  to  these  rules,  the  results  are  accurate.  De  Haen 
obtained,  for  instance,  0*3567  instead  of  0*3566  of  sulphate  of  copper, 
99*89  and  100*1  instead  of  100  of  metallic  copper.  Further  ex])eii- 
ments  (No.  81)  have  convinced  me,  however,  that,  though  the  results 
attainable  by  this  method  are  satisfactory,  they  are  not  always  quite  so 
accurate  as  would  be  supposed  from  the  above  figures  given  by  De  Haen. 
Acting  upon  Fr.  Mourns  suggestion,  I  tried  to  counteract  the  injurious 
influence  of  the  presence  of  nitric  acid,  by  adding  to  the  solution  con- 
taining nitric  acid  first  ammonia  in  excess,  then  hydrochloric  acid  to 
slight  excess ;  the  result  was  by  no  means  satisfactory.  The  reason  of 
this  is  that  a  solution  of  nitrate  of  ammonia,  mixed  with  some  hydro- 
chloric acid,  will,  even  after  a  short  time,  begin  to  liberate  iodine  from 
solution  of  iodide  of  potassium. 

b.  Carl  Mohr's  Method  ;  H.  Fleck's  Modification.* 

The  proposal  to  take  the  action  of  solution  of  cyanide  of  potassium  on 
ammoniacal  solution  of  copper  as  the  foundation  of  a  method  for  estima- 
ting copper  is  due  to  Carl  MoHR.f 

The  azure-blue  color  disappears,  Cu,  Cy,  N  H4  Cy  and  K  O  are  formed, 
while  1  eq.  cyanogen  is  separated,  which,  acting  on  the  free  ammonia, 
gives  urea,  oxalate  of  urea,  cyanide  of  ammonium  and  formiate  of  ammo- 
nia (Liehig  J). 

The  decomposition  is  not  always  the  same,  the  quantity  and  degree  of 
concentration  of  the  ammonia  has  a  marked  influence  on  it,  comp.  Liebig 
{loc,  ci/.),  also  my  own  experiments  (No.  82,  a),  from  which  it  appears  that 
neutral  ammonia  salts  also  aflect  the  results. 

Fleck  (loc,  cit.)  proposes  the  following  modification  : — 

Instead  of  caustic  ammonia  use  a  solution  of  sesquicarbonate  of  ammo- 
nia (1  in  10),  warm  the  mixture  to  about  60°,  and  in  order  to  render  the 
end-reaction  plainer  add  2  drops  of  solution  of  ferrocyanide  of  potassium 
(1  in  20) ;  the  blue  color  of  the  solution  is  not  altered  by  this  addition,  nor 
is  its  clearness  aflected.  The  value  of  the  cyanide  of  potassium  solution 
is  fitrst  determined,  by  means  of  copper  solution  of  known  strength,  and 
it  is  then  employed  on  the  copper  solution  to  be  examined.  On  dropping 
the  cyanide  of  potassium  into  the  blue  solution  warmed  to  60°,  the  odor 
of  cyanogen  is  plainly  perceptible,  and  the  color  gradually  disappears. 
As  soon  as  the  ammoniacal  double  salt  of  copper  is  destroyed,  the  solution 
becomes  red  from  the  formation  of  ferrocyanide  of  copper,  without  any 
precipitate  appearing,  and  with  the  addition  of  a  final  drop  of  cyanide 
of  potassium  this  red  color  in  its  turn  vanishes,  so  that  the  fluid  now  ap- 
pears quite  colorless. 

The  method  thus  modified  yields,  it  is  true,  better,  but  still  only  ap- 
proximate, results.  §  Where  such  are  good  enough,  the  method  is  certainly 

♦  Polytechn.  Centralbl  1859,  1313. 

f  Amud.  d.  Chexn.  n.  Pharm.  04, 108  ;  Fr.  Mohr^s  Lehrbnoh  der  Titrirmethode, 
8.01. 

1  AnnaL  d  Ghem.  tu  Fharm.  05,  118. 

g  In  six  experiments,  in  which  he  had  purposely  added  different  quantities  of 
tarbonate  of  ammonia.  Fleck  used  for  100  c.  c.  copper  solution,  in  the  minimvin 
15*2,  in  the  TnaTfTnnm  15*75,  in  the  mean  15*46  a  o.  cyanide  of  potassium  solation. 
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oonvenient.  I  have  found  that  the  presence  of  ammonia  salts  is  here  abi 
not  without  influence  (Expt.  No.  82, 6) ;  on  this  account  the  method  seemi 
to  he  applicable  only,  if  Uie  standardising  of  the  CTanide  of  potasaiani 
and  the  actual  analyses  are  performed  under  very  mmilar  circumstancea 

§  120. 

6.  Teboxide  of  Bismuth. 

a,  Solutian, 

Metallic  bismuth,  the  ter oxide,  and  all  other  compounds  of  that  metil, 
are  dissolved  best  in  nitric  acid,  more  or  less  diluted.  It  must  be  bonM 
in  mind  that  hydrochloric  acid  solutions  of  bismuth,  if  concentrated, 
cannot  be  evaporated  without  loss  of  chloride  of  bismuth. 

b.  Determination. 

Bismuth  is  weighed  in  the  form  of  teraxidey  of  ehromaiey  of  ndphifkj 
or  in  the  metallic  state.  The  compounds  of  bismuth  are  converted  into 
teroxide  by  ignition,  by  precipitation  as  basic  carbonate,  or  by  repeated 
evaporation  of  the  nitrate  solution.  These  are  sometimes  preceded  bj 
separation  as  sulphide.  The  determination  as  metallic  bismuth  is  fr»> 
quently  preceded  by  precipitation  as  sulphide  or  as  basic  chloride. 

We  may  convert  into 

1.  Teroxide  of  Bismuth. 

a.  i?y  Precipitation  as  CarboruUe  of  Teroxide  of  JBiamutk, 

All  compounds  of  bismuth  which  dissolve  in  nitric  acid  to  nitrate^  M 
other  acid  remaining  in  the  solution. 

b.  JBy  Ignition. 

a.  Salts  of  bismuth  with  readily  volatile  oxygen  acids. 
3.  Salts  of  bismuth  with  organic  acids. 

c.  Hy  Evaporation. 
Bismuth  in  nitric  acid  solution. 

d.  3y  Precij>{iation  cw  Tersulphide  of  JSismuth, 
All  compouiKls  of  bismuth  without  exception. 

2.  Chromate  of  Teroxide  of  Bismuth. 
All  compounds  named  in  1,  a. 

3.  Sulphide  of  Bismuth. 


P: 


The  compounds  of  bismuth  without  exception.  ■. 

I  b 

All  compounds  of  bismuth.  m^ 


4.  Basic  Chloride  of  Bismuth, 


5.  Metallic  Bismuth.  mS\ 

The  oxide  and  its  salts,  the  sulphide,  and  the  basic  chloruki 
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1.  I}etermin€Ui(m  of  SiamiUh  as  Ter oxide, 

a,  Sy  Precipitation  as  Carbonate  of  Teroxide  of  SiamutK 

Mix  the  solution  of  bismuth  with  carbonate  of  ammonia  in  very  slight 
excef>Sy  and  heat  for  some  time  nearly  to  boiling ;  filter,  dry  the  precipi- 
tate, and  ignite  in  the  manner  directed  §  116,  1  (Ignition  of  carbonate  of 
lead) ;  the  process  of  ignition  serves  to  convert  the  carbonate  into  the 
pure  teroxide  of  bismuth.  Should  the  solution  be  too  concentrated,  dilute 
^th  water,  previously  to  the  addition  of  carbonate  of  ammonia ;  whether 
the  dilution  leads  to  the  precipitation  of  basic  nitrate  of  bismuth  or  not, 
is  a  matter  of  perfect  indifference.  For  the  properties  of  the  precipitate 
and  residue,  see  §  86. 

The  method  gives  accurate  results,  though  generally  a  trifle  too  low, 
owing  to  the  circumstance  that  carbonate  of  teroxide  of  bismuth  is  not 
absolutely  insoluble  in  carbonate  of  ammonia. 

Were  you  to  attempt  to  precipitate  bismuth,  by  means  of  carbonate  of 
ammonia,  from  solutions  containing  sulphuric  acid  or  hydrochloric  acid, 
you  would  obtain  incorrect  results,  since  with  the  basic  carbonate, 
basic  sulphate  or  basic  chloride  would  be  precipitated,  which  are  not 
decomposed  by  excess  of  carbonate  of  ammonia.  Were  you  to  filter 
off  the  precipitate  without  warming,  a  considerable  loss  would  be  sus- 
tained, as  the  whole  of  the  basic  carbonate  would  not  have  been  separated 
(Expt  No.  83). 

6.  -By  Ignition. 

OL,  Compounds  like  the  carbonate  or  nitrate  of  teroxide  of  bismuth  are 
ignited  in  a  porcelain  crucible  until  their  weight  remains  constant. 

3.  Compounds  of  teroxide  of  bismuth  with  organic  acids  are  treated 
liVe  the  corresponding  compounds  of  oxide  of  copper  (§  119,  1,  cQ. 

c  By  JSJvaporation. 
The  solution  of  the  nitrate  is  evaporated,  in  a  porcelain  dish  on  the 
"W^ter-bath,  till  the  neutral  salt  remains  in  syrupy  solution  ; — add  water, 
loosen  the  white  crust  that  is  formed  with  a  glass  rod  from  the  sides,  eva- 
porate again  on  a  water-bath,  reprecipitate  with  water,  and  repeat  the 
"wliolft  operation  three  or  four  times.     After  the  dry  mass  on  the  water- 
o«t;H  has  ceased  to  smell  of  nitric  acid,  it  is  allowed  to  cool  thoroughly, 
■^cl  then  treated  with  cold  water  containing  a  little  nitrate  of  ammonia 
(1   ixi  500)  ;  after  the  residue  and  fluid  have  been  a  short  time  together, 
"^*>^x,  wash  with  the  weak  solution  of  nitrate  of  ammonia,  dry  and  ignite 
(§   S3).     Eesults  very  satisfactory  (J.  Lowe*). 

d.  Sy  Precipitation  as  Termiphide  of  Bismuth, 
I^ilute  the  solution  with  water  slightly  acidulated  with  acetic  acid  (to 
P^"*^  vent  the  precipitation  of  a  basic  salt),  and  precipitate  with  sulphuretted 
"y^i'ogen  water  or  gas  ;  allow  the  precipitate  to  subside,  and  test  a  portion 
^^  ^iie  supei-natant  fluid  with  sulphuretted  hydrogen  water  /  if  it  remains 
clear,  which  is  a  sign  that  the  bismuth  is  completely  precipitated,  filter  (the 
filtrate  should  smell  strongly  of  H  S),  and  wash  the  precipitate  with  water 
**ptaiiiing  sulphuretted  hydrogen.  Or  mix  with  ammonia  until  the  free 
^^'^^ia  neutralized,  and  then  add  sulphide  of  ammonium  in  excess. 
.  -^^e  washed  pi'ecipitate  may  now  be  weighed  in  three  different  forms, 
~  sulphide,  as  metal,  or  as  oxide.     The  treatment  in  the  two  formei 

*  Joum.  1  pxakt.  Chem.  74,  844. 
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cases  will  be  described   in    3   and  6 :  in  tbe  latter  oaae  proceed  y 

follows : — 

Spread  the  filter  out  on  a  glass  plate  and  remov^e  the  precipitate  to  i 
vessel  by  means  of  a  jet  of  water  from  the  wash-bottle— or,  if  this  is  not 
practicable,  put  the  precipitate  and  filter  together  into  the  vessel — and 
heat  gently  with  moderately  strong  nitric  acid  until  complete  decompod- 
tiou  is  effected  ;  the  solution  is  then  diluted  with  water  slighly  acidubted 
with  acetic  or  nitric  acid,  and  filtered,  the  filter  being  washed  with  the 
acidulated  water ;  the  filtrate  is  then  finally  precipitated  as  directed  ia  a 

2.  DeterniiruUionaf  JiUnniUh  as  Chramaieof  Teroxide.     (J.  Lowx.^) 

Pour  the  solution  of  teroxide  of  bismuth,  which  must  be  as  neatrtl« 
possible,  and  must,  if  necessary,  be  first  freed  from  the  excess  of  nitric 
acid  by  evaporation  on  the  water-bath,  into  a  warm  solution  of  pon 
bit^hromate  of  potassa  in  a  porcelain  dish,  with  stirring,  and  take  care  to 
leave  the  alkaline  chromate  slightly  in  excess.  Rinse  the  vessel  wliicli 
contained  the  solution  of  bismuth  with  water  containing  nitric  acid  into 
the  porcelain  dish.  The  pi*ecipitate  formed  must  be  orange-yellow,  and 
dense  throughout ;  if  it  is  flocculent,  and  has  the  color  of  the  yolk  of  aa 
egg,  this  is  a  sign  that  there  is  a  deficiency  of  chromate  of  potassa^  ia 
which  case  add  a  fresh  quantity  of  this  salt,  taking  care,  however,  to  goard 
against  too  great  an  excess,  and  boil  until  the  precipitate  preaenta  tbe 
proper  appearance.  Boil  the  contents  of  the  dish  for  ten  minutes,  witk 
stirring ;  then  wash  the  precipitate,  first  by  repeated  boiling  with  water 
and  decantatiou  on  to  a  weighed  filter,  at  last  thoroughly  on  the  latter 
with  boiling  water;  dry  at  about  120°,  and  weigh.  For  the  pro- 
perties and  composition  of  the  precipitate,  see  §  86.  Results  \aj 
satisfactory, 

3.  Determination  of  Bismuth  as  Sulphide, 

Precipitate  the  bismuth  as  sulphide  according  to  1,  cf.  If  the  precipi- 
tate contains  sulphur,  extract  the  later  by  boiling  with  solution  of  solphita 
of  soda,  or  by  treatment  with  bisulphide  of  carbon  (compare  the  determir 
nation  of  mercury  as  sulphide,  §  118,  3),  collect  on  a  weighed  filter,  diy 
at  100*^,  and  weigh. 

The  drying  must  be  conducted  with  caution.  At  first  the  precipitate 
loses  weight,  by  the  evaporation  of  water,  then  it  gains  weight,  from  the 
absorption  of  oxygen.  1  Fence  you  should  weigh  every  half-hour,  aoii 
take  the  lowest  weight  as  the  correct  one.  Compare  Elxpt.  No.  5i 
Properties  aiul  composition,  §  86,  e. 

The  sulphide  of  bismuth  cannot  be  conveniently  converted  into  the 
metallic  stat«  by  igiiiticm  in  hydrogen,  as  its  complete  decomposition  is  i 
work  of  considerable  time.  As  regards  reduction  with  cyanide  of  pot» 
slum,  see  5. 

4.  Precipitation  of  Dismuth  as  jBasic  Chloride, 

The  precipitation  of  bismuth  as  basic  chloride,  and  the  reduction  of  thi 
latter  witli  cyanide  of  potassium,  is  recommended  by  H.  Ro8E.f  The  pi» 
3ess  is  conducted  as  follows : — nearly  neutralize  any  large  excess  of  adl 
that  may  be  present  with  potassa,  soda,  or  ammonia,  add  chloride  of 
sodium  in  sufficient  quantity  (if  hydrochloric  acid  is  not  already  preaeotlt 
lind  then  a  rather  large  quantity  of  water.     After  allowing  to  stand  soai 

•  Joum.  f.  prakt.  Chem,  67, 464.  f  ^^HSS-  Annal.  110,  435. 
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time,  test  whether  a  portion  of  the  clear  supernatant  fluid  is  rendered 
turbid  by  a  further  addition  of  water ;  and  then,  if  required,  add  water 
to  the  whole  till  the  precipitation  is  complete.  Finally,  filter  the  pre- 
cipitate, wash  completely  with  cold  water,  dry  and  fuse  with  cyanide  of 
potassium  as  dii-ected  below  (5).     Besults  accurate. 

5.  DetermincUion  of  Bismuth  as  Metal, 

The  oxide,  sulphide,  or  basic  chloride  that  are  to  be  reduced  are  fused 
in  a  large  porcelain  crucible  with  five  times  their  quantity  of  ordinary 
cyanide  of  potassium.  In  the  case  of  oxide  and  basic  chloride,  the  re- 
duction is  completed  in  a  short  time  at  a  gentle  heat ;  sulphide,  on  the 
other  hand,  requires  longer  fusion  and  a  higher  temperature.  The  oper 
ration  has  been  successful,  if  on  treatment  with  water  metallic  grains 
are  obtained.  These  grains  are  first  washed  completely  and  rapidly  with 
water,  then  with  weak,  and  lastly  with  strong  spirit,  dried  and  weighed. 
If  you  have  been  reducing  the  sulphide,  and  on  treating  the  fused  mass 
with  water  a  black  powder  (a  mixture  of  bismuth  with  sulphide  of  bis- 
muth) is  visible,  besides  the  metallic  grains,  it  is  necessary  to  fuse  the 
former  again  with  cyanide  of  potassium. 

It  sometimes  happens  that  the  crucible  is  attacked,  and  particles  of 
porcelain  are  found  mixed  with  the  metallic  bismuth ;  to  prevent  this  from 
spoiling  the  analysis,  weigh  the  crucible  together  with  a  small  dry  filter 
before  tlie  experiment,  collect  the  metal  on  the  filter,  dry  and  weigh  the 
crucible  with  the  filter  and  bismuth  again.     Besults  good  (H.  Rose  *). 

§  121. 

7.  Oxide  of  Cadiuum. 

a.  Solution, 

Cadmium,  its  oxide,  and  all  the  other  compounds  insoluble  in  water. 
Are  dissolved  in  hydrochloric  acid  or  in  nitrio  acid. 

h.  Determination. 

Cadmium  is  weighed  either  in  the  form  of  oadde^  or  in  that  of  sulphide 
(§  87). 

We  may  convert  into 

1.  Oxide  of  Cadmium. 

a.  By  JPrecipitation.  b.  By  Ignition, 

The    compounds    of   cadmium         Salts   of  cadmium  with   readily 
which  are  soluble  in  water;   the     volatile  or  easily  decomposable  in- 
insoluble  compounds,  the  acid  of     organic  oxygen  acids, 
which  is  removed  upon  solution 
in  hydrochloric  acid ;  salts  of  cad- 
mium with  organic  acids. 

2.  Sulphide  of  Cadmium. 

All  compounds  of  cadmium  without  exception. 

1«  Determina,ti<m  as  Oxide  of  Cadmium, 

a.  By  JPrecipitatum, 
Precipitate  with  carbonate  of  soda  or  potassa,  wash  the  precipitated 

"  •  Pogg.  AnnaL  91, 104,  and  110, 186. 
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carbonate  of  cadmium,  and  convert  it,  by  ignition,  into  the  state  of  pun 
oxide.  The  precipitation  is  conducted  as  in  the  case  of  zinc,  g  108,  l,a 
The  oxide  of  cadmium  which  adheres  to  the  filter  maj  easilj  be  reduced 
and  volatilized  ;  it  is  therefore  necessary  to  be  cautious.  In  the  fint 
place  choose  a  thin  filter,  transfer  the  dried  precipitate  as  completely  u 
possible  to  the  crucible,  replace  the  filter  in  the  funnel,  and  moisten  it 
with  nitrate  of  ammonia  solution,  allow  to  dry,  and  then  bum  carefully  in 
a  coil  of  platinum  wire.  Let  the  ash  fall  into  the  crucible  containing  the 
mass  of  the  precipitate,  ignite  carefully,  avoid  the  action  of  reducing 
gases,  and  finally  weigh.  For  the  properties  of  the  precipitate  and  tlie 
residue,  see  §  87.     Results  good. 

b,  3y  Ignition, 
Same  pi-ocess  as  for  zinc,  §  108,  1,  c. 

2.  Determination  as  Sulphide  of  Cadmivun, 

Neutral  or  acid  solutions  are  precipitated  with  sulphuretted  hydrogen 
water  or  gas,  which  must  be  used  iu  sufficient  excess.  The  presence  of  a 
considerable  quantity  of  free  hydrochloric  or  nitric  acid  may— especially 
if  the  solutiou  is  not  enough  diluted — prevent  complete  precipitaticHi, 
hence  such  an  excess  should  be  avoided,  and  the  clear  supernatant  fluid 
should  in  all  cases  be  tested,  by  the  addition  of  a  relatively  large  amount  of 
sulphuretted  hydrogen  water  to  a  portion,  before  being  filtered.  Alkaline 
solutions  of  cadmiiim  may  be  precipitated  with  sulphide  of  ammonium. 
If  the  sulphide  of  cadmium  is  free  from  admixed  sulphur,  it  may  be  it 
once  collected  on  a  weighed  filter,  dried  at  100^,  and  weighed  ;  if^  on  the 
contrary,  it  contains  free  sulphur,  it  may  be  purified  by  boiling  with  s 
solution  of  sulphite  of  soda,  or  by  treatment  with  bisulphide  of  carbon 
(see  Sulphide  of  mercury,  §  118,  3).  Results  accurate.  The  precipita- 
tion of  sulphur  may  occasionally  be  obviated  by  adding  to  the  cadmium 
solution  cyanide  of  potassium  till  the  precipitate  first  formed  is  redissolved, 
and  then  precipitating  this  solution  with  sulphuretted  hydrogen. 

If  the  sulphide  of  cadmium  is  not  to  be  weighed  as  such,  warm  it,  to- 
gether with  the  filter,  with  moderately  strong  hydrochloric  acid,  tiQ  die 
precipitate  has  dissolved  and  the  odor  of  sulphuretted  hydrogen  is  no 
longer  perceptible,  filter  and  precipitate  the  solution  as  in  1,  a,  after  bar- 
ing removed  the  excess  of  free  acid  for  the  most  part  by  evaporation. 

Supplement  to  the  Fifth  Group. 

§  122. 

8.  Protoxide  of  Palladium. 

Protoxide  of  palladium  is  converted,  for  the  purpose  of  estimation,  into 
the  metallic  state  /  or — in  many  separations — into  double  chloride  ofpd' 
ladliim  ami  potassium. 

1.  Determination  as  Palladium. 

a.  Neutralize  the  solution  of  protochloride  of  palladium  almost  com* 
pletely  with  carbonate  of  soda,  mix  with  a  solution  of  cyanide  of  mercuir; 
and  digest  the  mixture  for  some  time.  A  yellowish-white  precipitate  of 
protocyanide  of  palladium  will  subside ;  from  dilute  solutions,  only  aftef 
the  lapse  of  some  time.     Wash  this  precipitate,  dry,  and  ignite  ;  weig|i 
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ihe  reduced  metal  obtained.  If  the  solution  contains  nitrate  of  protoxide, 
evaporate  it  first  with  hydrochloric  acid  to  dryness ;  as  otherwise  the  pre- 
cipitate obtained  deflagi'ates  upon  ignition  (Wollaston). 

6.  Mix  the  solution  of  the  protochloride  or  nitrate  of  protoxide  of 
palladium  with  formiate  of  soda  or  potassa,  and  warm  until  no  more 
carbonic  acid  escapes.  The  palladium  precipitates  in  brilliant  scales 
(Dobereiner). 

c.  Pi-ecipitate  the  acid  solution  of  palladium  with  sulphuretted  hydro- 
gen, filter,  wash  with  boiling  water,  roast,  and  either  convert  the  basic 
sulphate  of  protoxide  of  palladium  formed  into  pure  metal,  by  ignition  . 
over  the  blast  gas-lamp,  or  dissolve  it  in  hydrochloric  acid,  and  precipitate 
as  in  a. 

Exposed  to  a  moderate  red  heat  metallic  palladium  becomes  covered 
with  a  film  varying  from  violet  to  blue,  but  at  a  higher  temperature  it 
recovers  its  lustre ;  this  tarnishing  and  recoveiy  of  the  metallic  lustre 
is  not  attended  with  any  perceptible  difference  of  weight.  Palladium 
requires  the  very  highest  degree  of  heat  for  its  fusion.  It  dissolves  readily 
in  nitrohydrochloric  acid,  with  difficulty  in  pure  nitric  acid,  more  easily 
in  nitric  acid  containing  nitrous  acid,  with  difficulty  in  boiling  con- 
centrated sulphuric  acid. 

2.  Determination  as  Double  Cidoride  of  Palladium  and  Potassiv/m.' 

Evaporate  the  solution  of  chloride  of  palladium  with  chloride  of 
potassium  and  nitric  acid  to  dryness,  and  treat  the  mass  when  cold 
with  alcohol  of  "833  sp.  gr.,  in  which  the  double  salt  is  insoluble.  Col- 
lect on  a  weighed  filter,  dry  at  100°,  and  weigh.  Results  a  little  too 
low,  as  traces  of  the  double  salt  pass  away  with  the  alcohol  washings 
(Berzelius). 

The  double  chloride  of  palladium  and  potassium  consists  of  micro- 
scopic octahedra ;  it  presents  the  appearance  of  a  vermilion,  or,  if  the 
crystals  are  somewhat  larger,  of  a  brown  powder.  It  is  very  slightly 
soluble  in  cold  water ;  it  is  almost  insoluble  in  cold  spirit  of  the  above 
strength.     It  contains  26*701^  palladium. 

sixth  group. 
Teroxide  op  Gold — ^Binoxide  op  Platinum — ^Teroxide  op  Anti- 

11 ONY BlNOXIDE  OP  TiN — PROTOXIDE  OP  TiN — ^ArSENIOUS  AND  ArSENIO 

Acids — (Molybdic  Acid). 

§  123. 

1.  Teroxide  op  Gold. 

a.  Solution. 

Metallic  gold,  and  all  compounds  of  gold  insoluble  in  water,  are  warmed 
with  hydrochloric  acid,  and  nitric  acid  is  gradually  added  until  complete 
lolution  is  effected  ;  or  they  are  repeatedly  digested  with  strong  chlorine 
water.  The  latter  method  is  resorted  to  more  especially  in  cases  where 
tho  quantity  of  gold  to  be  dissolved  is  small,  and  mixed  with  foreign 
oxides,  which  it  is  wished  to  leave  undissolved. 

b.  Determination, 

Gold  is  always  weighed  in  the  metallic  state.    The  compounds  are 
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brought  into  this  form,  either  by  ignition  or  bj  preeipitatioii,  as  gold,  at 
sulphide  of  gold.     See  Cupellationy  § 

We  convert  into 

Metallic  Gk>LD. 

a.  By  Tgniiicm.  h.  By  JPrecipUaHan  om  JfetaUu 

&old. 

All  compounds  of  gold  which  All  compounds  of  gold  without 
contain  no  fixed  acid.  exception  in  cases  where  a  is  inap- 

plicable. 

c  By  Precipitation  as  Terstdphide  of  Gold, 

This  method  serves  to  effect  the  separation  of  gold  from  certain  other 
metals  which  may  be  mixed  with  it  in  a  solution. 

Determination  as  Metallic  Oold. 

a.  By  Ignition, 

Heat  the  compound,  in  a  covered  porcelain  crucible,  veiy  gently  it 
first,  but  finally  to  redness,  and  weigh  the  residuary  pure  gold.  Far 
properties  of  the  residue,  see  §  88.     The  results  are  most  accurate. 

h.  By  Precipitation  as  Metallic  Odd. 

a,    Tlic  solution  is  free  from  N'itric  Add, 

Mix  the  solution  with  a  little  hydrochloric  acid,  if  it  does  not  aliesil^ 
contaiiv^ome  of  that  acid  in  the  free  state,  and  add  a  clear  solution  of 
sulphate  of  protoxide  of  iron  in  excess  ;  heat  gently  for  a  few  hooR 
until  tlio  precipitated  fine  gold  powder  has  completely  subsided ;  filw, 
Wash,  dry,  and  ignite  according  to  §  52.  A  jKjrcelain  dish  is  a  more 
approfniate  vessel  to  efiect  the  precipitation  in  than  a  beaker,  as  tba 
h(:'avy  fiu(3  gold  powder  is  more  readily  rinsed  out  of  the  ibrmer  thtn 
out  of  the  latter.     The  results  are  accui-ate. 

j3.  The  solution  of  Gold  contains  Nitric  Add, 

Evaporate,  the  solution,  on  a  water-bath,  to  the  consistence  of  syrup, 
addin<;  from  time  to  time  hydrochloiic  acid ;  dissolve  the  residue  in  WEtrt 
coiitaiuiug  hydrochloric  acid,  and  treat  the  solution  as  directed  in  a.  It 
will  somc^times  haj)pen  that  the  residue  does  not  dissolve  to  a  clear  fliiid, 
in  c()nscqu<'nce  of  a  partial  decomposition  of  the  terchloride  of  gold 
into  protochloride  and  metallic  gold  ;  however,  this  is  a  matter  of  per- 
fect iiidittereuco. 

y.  In  cases  where  it  is  wished  to  avoid  the  presence  of  iron  in  the 
filtrate,  the  gold  may  be  reduced  by  means  of  oxalic  acid.  To  this  end, 
the  dilute  solution — freed  previously,  if  necessary,  from  nitric  acid, 
in  the  uiiinner  direct^^d  in  /3 — is  mixed,  in  a  beaker,  with  oxalic  acid,  or 
with  oxalate  of  ammonLain  excess,  some  hydrochloric  acid  added  (if  tiial 
acid  is  not  already  present  in  the  free  state),  and  the  vessel,  ooTered  witk 
a  glass  plate,  is  kept  standing  for  two  days  in  a  moderately  warm  jihee. 
At  the  end  of  that  time,  tlie  whole  of  the  gold  will  be  found  to  haw 
separated  in  small  yellow  scales,  which  are  collected  on  a  filter,  washed, 
dried,  and  ignited.     If  the  gold  solution  contains  a  large  exoess  of  hydn^ 
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chloric  acid,  the  latter  should  be  for  the  most  part  evaporated,  before  the 
solution  is  diluted  and  the  oxalic  acid  added.  If  the  gold  solution  con- 
tains chlorides  of  alkali  metals,  it  is  necessary  to  dilute  largely^  and 
allow  to  stand  for  a  long  time,  in  order  to  effect  complete  precipitation 
(H.  Kobe). 

c.  JBy  Precipitation  as  TersiUphide  of  Gold, 

Sulphuretted  hydrogen  gas  is  transmitted  in  excess  through  the  dilute 
solution ;  the  precipitate  formed  is  speedily  filtered  off,  without  heating, 
washed,  dried,  and  ignited  in  a  porcelain  crucible.  For  the  properties 
of  the  precipitate,  see  §  88.     The  results  are  accurate. 


§124. 

2.  BiNOxiDB  OF  Platinum. 

a.  Solution. 

Metallic  platinum,  and  the  compounds  of  platinum  which  are  insolu* 
ble  in  water,  are  dissolved  by  digestion,  at  a  gentle  heat,  with  niti*ohy- 
drochloric  acid. 

b.  Determination. 

Platinum  is  invariably  weighed  in  the  metallic  stcUe^  to  which  con- 
dition its  compounds  are  brought,  either  by  precipitation  as  bichloride 
of  platinum  and  chloiide  of  ammonium,  bichloride  of  platinum  and 
chloride  of  potassium,  or  bisulphide  of  platinum,  or  by  ignition,  or  by 
precipitation  with  reducing  agents.  All  compounds  of  platinum,  with- 
out exception,  may,  in  most  cases,  be  converted  into  platinum  by  either 
of  these  methods.  Which  is  the  most  advantageous  process  to  be  pur- 
sued in  special  instances,  depends  entirely  upon  the  circumstances.  The 
reduction  of  compounds  of  platinum  to  the  metallic  state  by  simple  igni- 
tion is  preferable  to  the  other  methods,  in  all  cases  where  its  applica- 
tion is  admissible.  The  precipitation  as  bisulphide  of  platinum  is 
resorted  to  exclusively  to  efiect  the  separation  of  platinum  &om  other 
metals. 

Determination  as  Metallic  Platinum. 

<u  Dy  Precipitation  as  Dichloride  of  Platinum  a/nd  Chloride  of  Am- 
monium. 

The  solution  must  be  c(mcentrated  if  necessary  by  evaporation  on  a 
water-bath.  Mix,  in  a  beaker,  with  ammonia  until  the  excess  of  acid 
(that  is,  supposing  an  excess  of  acid  to  be  present)  is  nearly  saturated  ; 
add  chloride  of  aknmonium  in  excess,  and  mix  the  fluid  with  a  pretty 
large  quantity  of  absolute  alcohol. 

Cover  the  beaker  now  with  a  glass  plate,  and  let  it  stand  for  twenty- 
four  hours,  after  which  filter  on  an  unweighed  filter,  wash  the  precipi- 
tate with  spirit  of  wine  of  about  80  per  cent.,  till  the  substances  to  be 
separated  are  removed,  and  dry  carefully. 

Introduce  the  dry  precipitate,  wrapped  up  in  the  filter,  into  a  weighed 
porcelain  crucible,  put  on  the  lid,  and  apply  a  very  gentle  heat  for  some 
time,  until  no  more  fumes  of  chloride  of  ammonium  escape;  now  removfl 
the  Udy  place  the  crucible  obliquely  (§  52),  and  let  the  filter  bum.    Ap« 
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ply  finally  an  intense  heat  for  some  time,  and  then  weigh.  In  the 
of  large  quantities  this  final  ignition  is  advantageously  conducted  a 
a  stream  of  hydrogen  (§  108,  fig.  47,  p.  181),  or  with  addition  of  oulic 
acid,  in  order  to  be  quite  sure  of  effecting  complete  decomposition.  For 
the  pro[)crties  of  the  precipitate  and  residue,  see  §  89.  The  results  an 
satisfactory,  though  generally  a  little  too  low,  as  the  bichloiide  of  plati- 
num and  chloride  of  ammonium  is  not  altogether  insoluble  in  spirit  of 
wine  (Expt.  No.  16) ;  and  ns  the  fumes  of  chloride  of  ammomam 
evolved  during  the  first  stage  of  the  process  of  ignition  are  liable  te 
carry  away  traces  of  the  yet  undecomposed  double  chloride,  if  the  sDoIi- 
cation  of  heat  is  not  conducted  with  the  greatest  possible  care. 

If  the  pi'ecipitated  bichloride  of  platinum  and  chloride  of  ammonium 
were  weighed  in  that  form,  the  results  would  be  inaccurate,  since,  as  I 
have  conWnced  myself  by  direct  experiments,  it  is  impossible  to  coi&- 
pletely  free  the  double  chloride,  by  washing  with  spirit  of  wine,  from  all 
traces  of  the  chloride  of  ammonium  thi'own  down  in  conjunction  with  it, 
without  dissolving,  at  the  same  time,  a  considerable  portion  of  thedooUe 
chloride.  As  a  general  iiile,  the  results  obtained  by  weighing  the  bichlo- 
ride of  platinum  and  chloride  of  ammonium  in  that  form  are  one  or  two 
per  cent,  too  high. 

b.   By  Precipitation  aa  Bichloride  of  Platinum  and  Chloride  of 

Potassium, 

IVIix  the  solution  of  the  compound  under  examination  in  a  beaker, 
with  potassa,  until  the  greater  part  of  the  excess  of  acid  (if  there  be 
any)  is  neutralized ;  add  chloride  of  potassium  slightly  in  excess,  and 
finally  a  pretty  large  quantity  of  absolute  alcohol ;   should  your  soh- 
tion  of  platinum  be  very  dilute,  you  must  concentrate  it  previously  tl 
the  addition  of  the  alcohol.     After  twenty  hours,  collect  the  precipitate 
upon  a  w(;igh(Ml  filter,  wash  wdth  spii-it  of  wine  of  70  per  cent.,  dry 
thoroughly  at  100°,  and  weigh.    Now  put  a  portion  of  the  dried  precipi' 
tate  into  a  weighed  bulb-tube,  and  clean  the  tube  part  of  the  latter  with 
a  feather;    then  weigh  the  tube  again,  to  ascei-tain  the  exact  anionnt 
of  bichloride  of  phitinum  and  chloride  of  potassium  which  it  contains 
Connect  the  tube  now  with  an  apparatus  evolving  dry  hydi*ogen  gas,  aivi 
heat  its  contents  to  redness,  until  no  more  hydrochloric  acid  fumes  a» 
evolved,  which  you  may  readily  ascertain  by  holding  a  glass  rod  moist 
ened  with  ammonia  to  the  opening  of  the  tube.     Allow  to  cool,  remow 
the  tube  from  the  apparatus,  fill  it  with  water,  decant  the  solution  rf 
chloride  of  potjissiuni  cautiously,  wash  the  i^esiduary  platinum  cuMUjt 
dry  the  tube  thoroughly  (by  heating  it  in  the  stream  of  hydrogen  pi}i 
and  weigh.     Subtract  from  the  weight  found  the  original  wei^t  of  th 
empty  tube,  and  calculate  from  the  remainder  (the  weight  of  ^e  readfr  M^l' 
ary  platinum  in  the  tube)   the  amount  of  platinum  contained  in  tki 
whol(;  precipitate. 

For  the  }>roperti(?s  of  the  precipitate  and  residue,  see  §  89.  My. 

The  results  are  more  accurate  than  those  obtained  by  method  a,  sstfi  M^. . 
on  the  one  hand,  the?  bichloride  of  platinum  and  chloiide  of  potaesiiiB"  M^^ 
more  insolnl>h'  in  spirit  of  wine  than  the  corresponding  ammonium  M^l  Mv, 
and,  on  the  otluT  liand,  loss  of  substance  is  less  likely  to  arise  Anijf  m^  ^ 
the  process  of  ignition  than  is  the  case  in  method  a.     The  pesaltswww  ■ 
be  less  accui-ate  were  the  ignition  effected  simply  in  a  crucible,  inslew  »  I  i^^r. 
in  a  current  of  hydrogen  gas,  since  in  that  case  complete  decompofl^  I  ^.^ 
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will  not  ensue,  at  all  events  not  if  the  amount  of  substance  acted  upon 
is  at  all  considerable.  To  weigh  the  bichloride  of  platinum  antd  chlori(to 
of  potassium  in  that  form  would  not  be  practicable,  as  it  is  impossible  to 
remove,  hy  washing  with  spirit  of  wine,  all  traces  of  the  chloride  of  potaa- 
8i\un  thrown  down  along  with  it,  without  at  the  same  time  dissolving  a 
portion  of  the  double  chloride.  The  reduction  may  abo  be  effected  with 
the  apparatus  desciibed  §  108  (fig.  47,  p.  181),  or  in  a  porcelain  boat, 
contained  in  a  wide  glass  tube,  instead  of  in  a  bulb- tube. 

c.  My  PrecvpitaJLicm  as  JBisvIphide  of  Platinmn, 

Precipitate  the  solution  with  sulphuretted  hydrogen  water  or  gas,  ac- 
cording to  circumstances,  heat  the  mixture  to  incipient  ebullition,  filter, 
"wash  the  precipitate,  dry,  and  ignite  according  to  §  52.     For  the  prop 
erties  of  the  precipitate  and  residue,  see  §  89.     The  results  are  accurate. 

d.  JBy  Ignition. 

Heat  in  a  covered  porcelain  crucible,  very  gently  at  first^  but  finally 
to  redness,  and  weigh  the  residuary  pure  platinum.  For  the  properties 
of  the  residi^e,  see  §  89.     The  residts  are  most  accurate. 

5.  Hy  JPrecipitation  with  JReduciny  Agents, 

Various  reducing  agents  may  be  employed  to  precipitate  platinum 
from  its  solutions  in  the  metallic  state.  The  reduction  is  very  promptly 
effected  by  sulphate  of  iron  and  potassa  or  soda  (the  protosesquioxide 
of  iron  being  removed  by  subsequent  addition  of  hydrochloric  acid, 
Hempel),  or  by  pure  zinc  (the  excess  of  which  is  removed  by  hydro- 
chloric acid) ;  somewhat  more  slowly,  and  only  with  application  of  heat, 
by  alkaline  formiates.  Nitrate  of  suboxide  of  mercury  also  precipitates 
the  whole  of  the  platinum  from  solution  of  the  bichloride  ;  upon  igniting 
the  brown  precipitate  obtained,  fumes  of  subchloride  of  mercury  escape, 
•od  metallic  platinum  remains. 

§  125. 
3.  TEKOxroE  OF  Antimony. 

0.  Solution, 

Teroxide  of  antimony,  and  the  compounds  of  that  metal  which  are 
insoluble  in  water,  or  are  decomposed  by  that  agent,  are  dissolved  in 
more  or  less  concentrated  hydrochloric  acid.     Metallic  antimony  is  dis- 
solved best  in  nitrohydrochloric  acid.     The  ebullition  of  a  hydrochloric 
Acid  solution  of  terchloride  of  antimony  is  attended  with  volatilization 
rf  traces  of  the  latter  ;  the  concentration  of  a  solution  of  the  kind  by 
'•▼aporation  involves  accordingly  loss  of  substance.     Solutions  so  highly 
dilute  as  to  necessitate  a  recourse  to  evaporation  must  therefore  pre- 
viously be  supersaturated  with  potassa.     Hydrochloric  acid  solutions 
t*f  teroxide  of  antimony,  which  it  is  intended  to  dilute  with  water,  must 
pipevioiisly  be  mixed  with  tartaiic  acid,  to  prevent  the  separatiop  of  basic 
•*lt.  In  diluting  an  acid  solution  of  antimonic  acid  in  hydrochloric  acid, 
'Ae^  water  must  not  be  added  gradually  and  in  small  quantities  at  a  time, 
'inuch  would  make  the  fluid  turbid,  but  in  sufficient  quantity  at  once, 
;  Irtilch  will  leave  tho  fluid  clear. 

*•  -determination. 

•Antiinony  is  weighed  either  as  tersvlphide  or  as  m«9aUic  antimony,  or 


*a 
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M  anltmoniaie  of  tercodde  (Sb  O4) ;  or  it  is  estiniAted  hj  Tolunetaii 
Hnalysis. 

The  oxides  of  antiinony,  and  their  salts  with  readilj  Toktile  or  It 
composable  oxygen  acids,  maj  be  converted  into  aiitimoniate  of  teroiUi 
by  simple  ignition.  Antimony  .in  solution  is  aboaoflt  inyariablj  finfc  pr^ 
cipitated  as  sulphide,  which  is  then,  with  the  view  of  estimatioD,  coi- 
verted  into  anhydrous  sulphide,  into  the  metallic  state,  or  ii^  KBiaaiy 
niate  of  teroxide,  or  determined  volumetricallj.  The  method  of  eiti* 
mating  antimony  with  a  standard  solution  of  iodme  can  only  beemploTci 
when  it  is  contained  in  the  solution  as  pure  teroxide.  Hence  it  is  odf 
capable  of  limited  application. 

1.  PtecipUa/tion  as  Sulphide  of  Antimony. 

Add  to  the  antimony  solution  hydrochloric  add,  if  not  aheidj  pit; 
sent,  then  tartaric  acid,  and  dilute  with  water,  if  necessaiy.  Intioto 
the  clear  fluid  into  a  flask,  closed  with  a  doubly  perforated  001^ ;  thioi^ 
one  of  the  perforations  passes  a  tube,  bent  outside  at  a  ri^t  an^e,  iriiA 
nearly  extends  to  the  bottom  of  the  flask ;  through  the  other  perftnr 
tion  passes  another  tube,  bent  outside  twice  at  right  an^^es,  wUA 
reaches  only  a  short  way  into  the  flask ;  the  outer  end  of  this  tube  di)i 
slightly  under  water.  Conduct  through  the  first  tube  sulphuretted 
hydrogen  gas,  until  it  predominates  sti-ongly ;  put  the  flask  in  a  mode- 
rately warm  place,  and  after  some  time  conduct  carbonic  add  into  tiba 
fluid,  until  the  excess  of  the  other  gas  is  almost  completely  removed; 
filter  now  without  intermission  through  a  weired  filter,  wash  the  pi^ 
cipitate  rapidly  and  thoroughly  with  water  mixed  with  a  few  drope  of 
sulphuretted  hydrogen  water,  dry  at  100°,  and  weigh.  The  predpitito 
so  weighed  always  retains  some  water,  and  may,  besides,  contain  freo 
sulphur  ;  in  fact,  it  always  contains  the  latter  in  cases  where  the  anti- 
mony solution,  besides  teroxide  or  terchloride,  contains  antimonic  aod 
or  pentachloride  of  antimony,  since  the  precipitation  under  these  cir- 
cumstances is  preceded  by  a  reduction  of  the  higher  oxide  or  cblorid® 
to  teroxide  or  terchloride,  accompanied  by  separation  of  sulphur.  (H. 
Hose.)  A  further  examination  of  the  precipitate  is  accordingly  mdi»- 
pensable. 

To  this  end,  treat  a  sample  of  the  weighed  predpitate  with  strong  hy- 
drochloric acid.     If 

a.  Tlie  sample  dissolves  to  a  clear  fluid,  this  is  a  proof  that  the  prec^ 
pitate  only  contains  Sb  S, ;  but  if 

b.  Sulphur  separates,  this  shows  that  free  sulphur  is  present. 

In  case  a,  the  greater  portion  of  the  diied  precipitate  is  weighed  in  • 
porcelain  boat,  which  is  then  inserted  into  a  sufficiently  wide  glass  tube» 
about  2  decimetres  long ;  a  slow  cuiTcnt  of  dry  carbonic  add  is  tran*' 
mitted  through  the  latter,  and  the  boat  cautiously  heated  by  means  of  ^ 
a  lamp,  moved  to  and  fro  under  it,  until  the  orange  predpitate  become* 
black ;  this  oi>cration  serves  to  expel  the  whole  of  the  water  present 
The  precipitate  is  then  allowed  to  cool  in  the  current  of  carbonic  sci»» 
and  weighed ;  from  the  amount  found,  the  total  quantity  of  anhydrow* 
sulphide  of  antimony  contained  in  the  entire  precipitate  is  ascertaiitf^ 
by  a  simple   calculation.     Tlie  results  are  accurate.     Expt.  No.  84  g»J* 
99-24  instead  of  100.     But  if  the  precipitate  is  simply  dried  at  100", «»« 
results  are  about  2  per  cent,  too  high — see  the  same  experiment.    ^^ 
the  properties  of  the  precipitate,  see  §  90, 
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In  case  5,  the  precipitate  is  subjected  to  the  same  treatment  as  in  a 
i^th  this  difterence  only,  that  the  contents  of  the  boat  are  heated  much 
more  intensely,  and  the  process  is  continued  until  no  more  sulphur  is 
expelled.  This  removes  the  whole  of  the  admixed  sulphur ;  the  residue 
consists  of  pure  tersulphide  of  antimony.  It  must  be  completely  solu- 
ble in  fuming  hydrochloric  acid  on  heating. 

According  to  Bunsen  it  is  best  to  convert  the  sulphide  of  antimony 
into  antimoniate  of  teroxide  (see  2). 

Tlio  method  (described  in  §  148)  of  estimating  the  sulphur  in  the  pre- 
cipitate dried  at  100°,  and  c^culating  the  antimony  from  the  difference, 
does  not  give  accurate  results,  since  the  precipitate,  besides  antimony 
and  sulphur,  contains  also  water.  In  cases,  therefore,  where  this  indi- 
rect method  is  resorted  to,  the  water  must  first  be  expelled,  as  direct- 
ed in  a. 

The  antimony  may  also  be  determined  in  the  direct  way,  in  tht- 
precipitate  dried  at  100°.  To  this  end,  an  aliquot  part  of  it  is  weighed 
in  a  bulb-tube,  hydrogen  gas  transmitted  through  the  latter,  and  a  very 
gentle  heat  applied,  which  is  gradually  inci^eased,  until  no  more  sulphu- 
retted hydrogen  escapes.  It  is  hardly  possible,  however,  to  avoid  a 
Blight  loss  of  antimony  in  this  process,  as  a  small  portion  of  that  body 
is  but  too  apt  to  be  mechanically  carried  away  by  the  hydrogen  gas. 

For  the  method  of  estimating  the  antimony  in  the  sulphide  volu- 
metrically  and  indirectly,  see  3,  a. 

2.  DetermirUition  as  Antimoniate  of  Teroxide, 

a.  In  the  case  of  teroxide  of  antimony  or  a  compound  of  the  same  with 
an  easily  volatile  or  decomposable  oxygen  acid,  evaporate  carefully  with 
nitric  acid,  and  ignite  finally  for  some  time  till  the  weight  is  constant. 
The  experiment  may  be  safely  made  in  a  platinum  crucible.  With  anti- 
monic  acid,  the  evaporation  with  nitric  acid  is  unnecessary. 

6.  If  sulphide  of  antimony  is  to  be  converted  into  antimoniate  of  ter- 
oxide, one  of  the  two  following  methods  given  by  Bunsen  *  is  employed : — 
a.  Moisten  the  dry  sulphide  of  antimony  with  a  few  drops  of  nitric 
•cid  of  1*42  sp.  gr.,  then  treat,  in  a  weighed  porcelain  crucible,  with  con- 
cave lid,  with  8 — 10  times  the  quantity  of  fuming  nitric  acid,f  and  let 
the  acid  gradually  evaporate  on  the  water-bath.     The  sulphur  separates 
at  first  as  a  tine  powder,  which,  however,  is  readily  and  completely  oxidized 
during  the  process  of  evaporation.     The  white  residual  mass  in  the  cruci- 
ble consists  of  antimonic  acid  and  sulphuric  acid,  and  may  by  ignition  be 
converted,  without  loss,  into  antimoniate  of  teroxide  of  antimony.    If  the 
•ulphide  of  antimony  contains  a  large  excess  of  free  sulphur,  this  must  first 
O©  removed  by  washing  with  bisulphide  of  carbon  (see  ^  at  the  end),  before 
needing  to  oxidation. 
0-  Mix  the  sulphide  of  antimony  with  30 — 50  times  its  quantity  of 
^*^  oxide  of  mercury,J  and  heat  the  mixture  gradually  in  an  open  por- 
►2?  *^  crucible.     As  soon  as  oxidation  begins,  which  may  be  known  by 
Jao  sudden  evolution  of  gray  mercurial  fumes,  moderate  the  heat.     When 

r  ;^^  d.  Chem.  u.  Pharm.  106,  3. 

T  Nitric  acid  of  1  '42  sp.  gr.  is  not  suitable  for  this  purpose,  as  its  boiling"  point 

^*2i^*t  10'  above  the  fusing  point  of  sulphur,  whereas  fuming  nitric  acid  boils 

^'*»  consequently  below  the  fusing  point  of  sulphur.    With  nitric  acid  of  1*42 

^'  ^  therefore,  the  separated  sulphur  fuses  and  forms  drops,  which  obstinately 

^  ^  Oxidation. 

^  ^t  is  i^Qg^  tjQ  QgQ  \^2kt  prepare<^  in  the  wet  way. 
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the  evolution  of  mercurial  fumes  diminishes  raise  the  temperature  agiii^ 
always  taking  care,  however,  that  no  reducing  gases  come  in  contact  wiA 
the  contents  of  the  crucible.  Kemove  the  last  traces  of  oxide  of  meremi 
over  the  blast  gas-lamp,  then  weigh  the  residual  fine  white  powder  oi 
antimoniate  of  teroxide  of  antimony.  As  oxide  of  mei-cury  generally  letTS 
a  trifling  fixed  residue  upon  ignition,  the  amount  of  this  should  be  deto^ 
mined  once  for  all,  the  oxide  of  mercury  added  approximately  weighed, 
and  the  corre8]>onding  amount  of  fixed  residue  deducted  from  the  antimo* 
niatc  of  teroxide  of  antimony.  The  volatilization  of  the  oxide  of  mercuy 
proceeds  much  more  rapidly  when  effected  in  a  platinum  crucible,  iiisteil 
of  a  porcelain  one.  But,  if  a  platinum  crucible  is  employed,  it  most  to 
effectively  protected  from  the  action  of  antimony  upon  it,  by  AgoodUni^ 
of  oxide  of  mercury.*  If  the  sulphide  of  antimony  contains  free  sulphmi 
this  must  first  be  removed  by  washing  with  bisulphide  of  carbon,  beftn 
the  oxidation  can  be  proceeded  with,  since  otherwise  a  slight  deflagratifli 
is  unavoidable.  The  bisulphide  of  carbon  used  may  be  very  easoly  !«©• 
tified,  and  then  used  again,  so  that  the.  washing  of  a  precipitate  may  to 
effected  with  as  little  as  10 — 15  grammes  of  bisulphide  of  carbon. 

3.  Volumetric  Metlioda, 

The  proposals  under  this  head  are  based,  either, 
a.  Upon  the  decomposition  of  the  sulphide  on  boiling  with  hydrochkiii 
acid,  and  the  determination  of  the  sulphuretted  hydrogen  evolved.   (& 

ScHNEIDER.f) 

6.  Upon  the  oxidation  of  the  teroxide  with  permanganate  (KesslebO* 

a.  Volumetric  Estimation  hy  determining  the  Sulphuretted  JSgdroge^ 
given  up  by  the  Sulphide. 

Both  tersulphide  and  ])entasulphide  yield  under  the  action  of  boiling 
hydrochloric  acid  3  cq.  of  sulphuretted  hydrogen  for  every  1  eq.  of  anti- 
mony. Hence,  if  the  amount  of  the  gas  evolved  under  such  circunistancei 
is  estimated,  the  amount  of  antimony  is  known. 

For  docomi)osing  the  sulphide  and  absorbing  the  gas  the  same  apparatus 
serves  as  Bunsen  employs  for  his  iodimetric  analyses  (§  130,  fig.  M). 
The  size  of  the  boiling  flask  should  depend  on  the  quantity  of  sulphide: 
for  quantities  up  to  0*4  grm.  Sb  S3,  a  flask  of  100  c.  c.  is  lai-ge  enough; 
for  "4 — 1*0  gnii.,  use  a  200  c.  c.  flask.  The  body  of  the  flask  should  be 
spherical,  the  neck  rather  nan*ow,  long,  and  cylindrical.  If  the  sulphide 
of  antimony  is  on  a  filter,  put  both  together  into  the  flask.  The  hydro- 
chloric acid  should  not  be  too  concentrated. 

Tlie  determination  of  the  sulphuretted  hydrogen  is  best  conducted 


*  This  is  eflFected  best,  according'  to  Bunsen,  in  the  following' way :  Soften  thi 
sealed  end  of  a  common  test  tube  before  the  glass-blower's  lamp  ;  place  the  lof- 
tened  end  in  the  centre  of  the  platinum  crucible,  and  blow  into  it,  which  wiH 
cause  it  to  oxi)and  and  assume  the  exact  form  of  the  interior  of  tJie  crucible. 
Cnick  off  the  bottom  of  the  little  flask  so  formed,  and  smooth  the  sharp  edge 
cautiously  by  fusion.     A  p:lass  is  thus  obtained,  open  at  both  ends,  which  exactij 
fits  the  crucible.     To  effect  the  lining  by  means  of  this  instrument,  fill  the  crudbll 
loosely  with  oxide  of  mercury  up  to  the  brim,  then  force  the  glaas  gradually  and 
slowly  down  to  the  bottom  of  the  crucible,  occasionally  shaking  out  the  oxideoC 
mercury  from  the  interior  of  the  glass.     The  inside  of  the  crucible  is  thus  coTertd 
with  a  layer  of  oxide  of  mercury  ^—1  line  thick,  which,  after  the  removal  of  Ai 
glass,  adheres  with  sufficient  firmness,  even  upon  ignition. 

t  Pogg.  Annal  110,  634.  %  Zeitschrift  f.  anal  Ohem.  2,  d83. 
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rding  to  the  method  given  in  §  148,  6.  The  results  obtained  hy 
NEiDER  are  satisfactory. 

'  the  precipitate  contains  chloride  of  antimony,  the  results  are  of  coursi 
iy  and  this  would  actually  be  the  case  if  on  precipitation  with  sulpha* 
id  hydrogen  the  addition  of  tartaric  acid  were  omitted. 

Volv/metric  DetermintUion  with  Permangcmate  of  JPotaah, 

I  the  absence  of  organic  matter,  heavy  metallic  oxides,  and  other 
es  which  are  detrimental  to  the  reaction,  dissolve  the  substance  con- 
ing tei*oxide  of  antimony,  at  once  in  hydrochloric  acid.  The  solution 
lid  contain  not  less  than  ^  of  its  volume  of  hydrochloric  acid  of  1*12 

he  permanganate  solution,  which  may  contain  about  1*5  grm.  of  the 
tallized  salt  in  a  litre,  is  added  to  permanent  reddening.  The  end- 
tion  is  exact,  and  the  oxidation  of  the  teroxide  of  antimony  to  anti- 
ic  acid  goes  on  uniformly,  although  the  degree  of  dilution  may  vary, 
ided  the  above  relation  between  hydrochloric  acid  and  water  is  kept 
It  is  not  well  that  the  hydrochloric  acid  should  exceed  J  of  the  volume 
he  fluid,  as  in  that  case  the  end-reaction  would  be  too  transitory. 
»ric  acid,  at  least  in  the  proportion  to  teroxide  of  antimony  in  which 
cists  in  tartar  emetic,  does  not  interfere  with  the  reaction.  Hence 
permanganate  may  be  standardized  by  the  aid  of  solution  of  tartar 
tic  of  known  strength. 

f  the  direct  determination  of  the  hydrochloric  acid  solution  is 
practicable,  precipitate  it  with  sulphuretted  hydrogen.  Wash  the 
cipitate,  transfer  it,  together  with  the  filter,  to  a  small  flask ;  treat 
nth  a  suflBciency  of  hydrochloric  acid,  dissolve  by  digestion  on  the 
ler-bath,  add  a  suflScient  quantity  of  a  nearly  saturated  solution  of 
)ride  of  mercury  in  hydrochloric  acid  of  1*12  sp.  gr.  to  remove  the 
)huretted  hydrogen,  make  the  fluid  up  to  a  certain  volume,  aUow 
settle,  and  use  a  measured  portion  of  the  perfectly  dear  solution  for 
experiment. 

§  126. 
4.  Protoxide  op  Tin,  and  5.  Binoxide  of  Tin. 

Solution. 

dissolving  compounds  of  tin  soluble  in  water,  a  little  hydrochloric 
^  added  to  insui-e  a  clear  solution.  Nearly  all  the  compounds  of 
^Soluble  in  water  dissolve  in  hydrochloric  acid  or  in  aqua  regia. 
^ydrate  of  metastannic  acid  may  be  dissolved  by  boiling  with  hydro- 
^c  acid,  decanting  the  fluid,  and  treating  the  residue  with  a  large 
^ition  of  water.  Ignited  binoxide  of  tin,  and  compounds  of  the 
^de  insoluble  in  acids,  are  prepared  for  solution  in  hydrochloric 
►  V  reducing  them  to  the  state  of  a  fine  powder,  and  fusing  in  a  sil- 
^^cible  with  hydi-ate  of  potassa,  or  soda,  in  excess.  Metallic  tin  is 
wed  best  in  aqua  regia ;  it  is  generally  determined,  however,  by 
["Siting  it  into  binoxide,  without  pi'evious  solution.  Acid  solutions 
Ukoxide  of  tin,  which  contain  hydrochloric  acid,  or  a  chloride,  can- 
be  concentrated  by  evaporation,  not  even  after  the  addition  of  nitric 

or  sulphuric  acid,  without  volatilization  of  bichloride  of  tin  taking 
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b.  Determinntion, 

Tin  is  weighed  in  tiie  form  of  hinoapidey  into  which  it  is  coDTeited. 
either  by  the  agency  of  nitric  acid,  or  by  precipitation  as  hydrated 
biijoxide,  or  by  pi*ecipitation  as  sulphide. 

A  grcfat  many  vohimetric  methods  of  estimating  tin  have  been  pro* 
posed.  They  all  depend  on  obtaining  the  tin  in  solution  in  the  coDi 
dition  of  protochloiide,  and  converting  this  into  bichloride  either  in  alkfr 
lino  or  acid  solution.     A  few  only  yield  satis&ctory  resultSi. 

We  may  convert  into 

BiNOXIDE   OP  TiK. 

a.  By  the  agency  of  I^itric  Acid. 

Metallic  tin,  and  those  compounds  of  tin  which  contain  no  fixed  add, 
provided  no  compounds  of  chlorine  be  present. 

h.  By  Brecipltatian  as  Ifydrated  Binaxide, 

All  compounds  of  tin  containing  volatile  adds,  provided  no  nQn-^ohr 
tile  organic  substances  nor  sesquioxide  of  iron  be  pi^esent. 

c.  By  Precijntation  as  Sulphide, 

All  compounds  of  tin  without  exception. 

In  methods  a  and  c,  it  is  quite  indifferent  whether  the  tin  is  preeot 
in  the  state  of  protoxide  or  in  that  of  binoxide.  The  method  h  reqoim 
the  tin  to  be  present  in  the  state  of  binoxide.  The  volnmetiic  mediodi 
may  be  employed  in  all  cases ;  but  the  estimation  is  simple  and  direct 
only  where  the  tin  is  in  solution  as  protochloride  and  free  from  other 
oxidizable  bodies,  or  can  i*eadily  be  brought  into  this  state.  For  tk 
methods  of  detci*mining  the  protoxide  and  binoxide  in  presence  of  flick 
other,  1  refer  to  Section  V. 

1.  Determination  of  Tin  as  Binoxide, 

rt.  By  Treating  with  N^itric  Acid, 

This  method  is  resorted  to  ])rincipally  to  convert  the  metalUc  tin  into 
binoxide.  For  this  purpose  the  finely-divided  metal  is  put  into  a  «}•• 
cii)us  flask,  and  moderately  concenti*ated  pure  nitiic  acid  (about  1*3^ 
gr.)  gradually  j)()ur(*d  over  it;  the  flask  is  covered  with  a  wateh-^i» 
When  the  iirst  tumultuous  action  of  the  acid  has  somewhat  abated,! 
gentle  heat  is  applied  until  the  binoxide  fonned  appears  of  a  pure  vhiie 
C(>h>r,  and  further  action  of  the  acid  is  no  longer  perceptible.  The  conterii 
of  the  fliisk  are  then  transferred  to  a  porcelain  dish  and  evapora'iedaoi 
\viit<?r-bath  to  dryness,  water  is  then  added,  and  the  precipitate  is  coUecttd 
on  a  Alter,  wasln'd,  till  the  washings  scarcely  redden  litmus  paper,  dn^ 
ignited,  and  weighed.  The  ignition  is  eflfected  best  in  a  small  poiwi*  Mi 
crneible,  according  to  the  directions  given  in  §  53  ;  still  a  platiiiiiiBO^  M^ 
cible  may  also  be  used.  A  simple  red  heat  is  not  sufficient  to  ^^^  tw 
all  tlie  water;  the  ignition  must  therefore  be  finished  over  agat  Ui^l^*^ 
Auip.  Compounds  of  tin  which  contain  no  fixed  substances  nisylw*  M^ ' 
t'ert4Kl  into  binoxide  by  treating  them  in  a  porcelain  crucible  witiato|M^  * 
acid,  evaporating  to  dryness,  and  igniting  the  residue.  If  8ulphnrit**Mw*J' 
be  pres(^nt,  the  expulsion  of  that  acid  maybe  promoted,  in  thekrtrt^BjL^ 
of  the  process,  by  carbonate  of  ammonia,  as  in  the  case  of  birolpW^fM  " " 
potassa  (§  97)  ;  here  also  the  heat  must  be  increased  as  much  uf^ 
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ble  at  the  end.    For  the  propei-ties  of  the  residue,  see  §  91,    The  results 
accurate. 


6.  By  JPrecipitation  as  Hydrate  of  JBinoxide, 

The  application  of  this  method  presupposes  the  whole  of  the  tin  to  bl 
present  in  the  state  of  binoxide  or  bichloride.  Therefore,  if  a  solution 
contains  protoxide,  either  mix  with  chlorine  water,  or  conduct  chlorine 
gas  into  it,  or  heat  gently  with  chlorate  of  potassa,  until  the  conversion 
of  the  protoxide  into  binoxide  is  effected.  When  this  has  been  done, 
add  ammonia  until  a  permanent  precipitate  just  begins  to  form,  and 
then  hydrochloric  acid,  drop  by  drop,  until  this  precipitate  is  completely 
redissolved ;  by  this  means  a  large  excess  of  hydrochloric  acid  in  the 
solution  will  be  avoided.  Add  to  the  fluid  so  prepared  a  concen- 
trated solution  of  nitrate  of  ammonia  (or  sulphate  of  soda),  and  apply 
heat  for  some  time,  whereupon  the  whole  of  the  tin  will  precipitate  as 
hydrate  of  binoxide.  Decant  three  times  on  to  a  filter,  then  collect  the 
precipitate  on  the  latter,  wash  thoroughly,  dry,  and  ignite.  To  make 
quite  sure  that  the  whole  of  the  tin  has  separated,  you  need  simply,  be- 
fore proceeding  to  filter,  add  a  few  drops  of  the  clear  supernatant  fluid 
to  a  hot  solution  of  nitrate  of  ammonia,  or  sulphate  of  soda,  when  the 
formation  or  nonformation  of  a  precipitate  will  at  once  decide  the  ques- 
tion. 

This  method,  which  we  owe  to  J.  Lowenthal,  has  been  repeatedly 
tested  by  him  in  my  own  laboratory,*  is  easy  and  convenient,  and  gives 
very  accui-ate  results.  The  decomposition  is  expressed  by  the  equation, 
SnCL-h2  (NH,0,NO,)  f  2HO=SnO,-h2  NH,Cl+2  (NO^jHO), or, in 
precipitating  with  sulphate  of  soda:  Sn  CL,4-4  (Na  O,  S  03)-|-2  H  0= 
Sn  0,-h2  Na  01+2  (Na  O,  H  O,  2  S  O,). 

Tin  may  also,  according  to  H.  Rose,  f  be  completely  precipitated  from 
solutions  of  the  binoxide  or  bichloride,  by  sulphuric  acid.  If  the  solu- 
tion contains  metastannic  acid  or  metachloride  of  tin,  the  precipitation 
is  eflected  without  extraordinary  dilution  ;  on  the  contrary,  if  it  contains 
the  other  modification  of  the  binoxide  or  bichloride,  very  considerable 
dilution  is  necessary.  If  free  hydrochloric  acid  is  absent,  the  precipita- 
tion is  rapid;  in  other  cases  12  or  24  hours  at  least  are  required  for 
perfect  precipitation.  Allow  to  settle  thoroughly,  before  filtering,  wash 
well  (if  hydrochloric  acid  was  present,  till  the  washings  give  no  turbid- 
ity with  nitrate  of  silver),  dry  and  ignite,  at  last  intensely  with  addition 
of  some  carbonate  of  ammonia.  The  results  obtained  by  Oesten,  and 
communicated  by  IL  Rose,  are  exact. 

c.  By  Precipitation  as  JProtomlphide  or  Bisulphide  of  Tin. 

Precipitate  the  dilute  moderately  acid  solution  with  sulphuretted  hy- 
drogen water  or  gas.  If  the  tin  was  present  in  the  solution  in  the  form 
of  protoxide,  and  the  precipitate  consists  accordingly  of  the  brown  pro- 
i  toanlphide,  keep  the  solution,  supersaturated  with  sulphuretted  hydro- 
]  J®n,  standing  for  half  an  hour  in  a  moderately  warm  place,  and  then 
ur  niter ;  if,  on  the  other  hand,  the  solution  contain  a  salt  of  binoxide  of 
I-  **o»  and  the  precipitate  consists  accordingly  of  the  yellow  bisulphide, 
I  fot  tho  fluid,  loosely  covered,  in  a  warm  place,  until  the  odor  of  sul- 
p  Curetted  hydrogen  has  nearly  gone  ofl*,  and  then  filter.     The  washing 

*  Joaxn.  1  prakt  Chem.  56,  866.  f  PoSfiT-  AnnaL  112, 164. 
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of  the  bisulphide  of  tin  precipitate  which  has  a  great  inclination  to  pta 
through  the  filter,  is  best  effected  with  a  concentrated  Bolution  of  dilo 
ride  of  sodium,  the  remains  of  the  latter  being  got  rid  of  by  a  Bolntioa 
of  acetate  of  ammonia  containing  a  small  excess  of  acetic  acid.  If  there 
is  no  objection  to  having  the  latter  salt  in  the  filtrate,  the  waahing  wmj 
be  entirely  effected  by  its  moans  (Bunsen  *).  Put  the  filter,  with  the 
not  yet  quite  dry  precipitate  on  it,  into  a  porcelain  cmcible,  and  appl? 
a  very  gentle  heat,  with  free  access  of  air,  until  the  odor  of  sulphonnti 
acid  is  no  longer  perceptible.  Increase  the  heat  now  gradually  to  a  hi^ 
degi*oe  of  intensity,  and  treat  the  residue  rei)eatedly  with  some  carbonate 
of  ammonia  (see  a),  in  order  to  insure  the  complete  expulsion  of  the 
sulphuric  acid  wliicli  may  be  present.  Were  you  to  apply  a  very  interne 
heat  from  the  b(>ginning,  fumes  of  bisulphide  of  tin  would  escape,  which 
btirn  to  binoxide  (11.  Rose).  For  the  properties  of  the  precipitates)  see 
§  91.     The  results  are  accurate. 

2.    Volumetric  MeOioda, 

The  determination  of  tin  by  the  conversion  of  the  proto-  into  bidilo- 
ride  with  the  aid  of  oxidizing  agents  (bichromate  of  potassa,  iodine,  pe^ 
manganate  of  potassa,  <!^c.)  oSers  peculiar  difficulties,  inasmuch  as  on  the 
one  hand  the  ])rotochlonde  of  tin  takes  up  oxygen  from  the  air  and  firoa 
the  water  used  for  dilution,  with  more  or  less  rapidity,  according  to  d^ 
cumstances  ;  and  on  the  other  liand,  the  energy  of  the  oxidizing  agent  ii 
not  always  the  same,  being  influenced  by  the  state  of  dilution  and  the 
presence  of  a  larger  or  smaller  excess  of  acid. 

In  the  following  methods,  these  sources  of  en*or  are  avoided  or  limited 
in  such  a  manner  as  to  render  the  results  satisfactory. 

1.  Estxnmtion  of  Protocfdoride  of  Tin  by  Todine  in  AUsaim 

Solution  {after  Lenssen  f ). 

DLssolve  the  j)rotosjilt  of  tin  or  the  metallic  tin  J  in  hydrochloric  $aA 
(j>referably  in  a  stream  of  carbonic  acid),  add  Kochelle  salt,  thcnbicw* 
bonat^i  of  Roda  in  excess.  To  the  clear  alkaline  solution  thus  formed 
add  some  starch-solution,  and  afterwards  the  iodine  solution  of  §  148, 
till  a  permanent  blue  coloration  appears.  1  eq.  fi^ee  iodine  used  cor 
responds  to  1  ecj.  tin. 

Lenssex's  results  are  entirely  satisfactory. 

2.  J'Jstimaflon  of  the  Protochloride  of  Tin^  afUr  addition  of 

Sesqrdchloride  of  Iron, 

Protochloride  of  tin  in  acid  solution  is  best  oxidized  by  oxidixiog 
agents  afttT  Iwing  mixed  with  sesquichloride  of  iron  (Lowckthal,} 
Strom  EYE  K  ||). 

a.  Th(!  given  substance  is  a  proto-salt  of  tin.      Dissolve  in  pure  war 


*  Annnl.  (1.  Chem.  u.  Pharm.  106,  13. 

\  Joum.  f.  prnkt.  Chem.  78.  200 ;  Annal.  d.  Chem.  n.  Pharm.  114,  118. 

X  The  solution  of  metallic  tin  is  much  assisted  by  the  presence  of  pUtisM 
foil,  which  is  accordiiijrly  added.  Lensson  found  this  addition  of  platinum  to  It 
ofcjectionaUcj ;  but  no  other  experimenter  has  observed  that  it  interfere*  w* 
the  accuracy  of  the  results. 

g  Joom.  f.  prakt.  Chem.  70,  484.        |  AnnaL  d.  Chem.  o.  Pharm.  117,  SSL 
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ichloride  of  iron  (tree  from  protochloride)  with  addition  of  hydro- 
loric  acid,  dilute  and  add  standard  permanganate  from  the  burette. 
3W  make  another  experiment  with  the  same  quantity  of  water  similarly 
lored  with  sesquichloride  of  iron  to  aseertain  how  much  permanganate 
required  to  tinge  the  liquid,  and  subtract  the  quantity  so  used  from 
3  amount  employed  in  the  actual  analysis,  and  from  the  remainder 
Iculate  the  tin. 

The  reaction  between  the  tin  salt  and  the  iron  solution  is  SnCl  + 
i3Cl3=SnCl3-|-2  Fe  CI.  The  solution  thus  contains  protochloride  of 
>n  in  the  place  of  proto-salt  of  tin,  the  former  being,  as  is  well  known, 
*  less  susceptible  of  alteration  from  the  action  of  free  oxygen  than  the 
ter.     2  eq.  iron  found  correspond  to  1  eq.  tin. 

b.  The  given  substance  is  metallic  tin.  Either  dissolve  in  hydro- 
loric  acid — preferably  with  addition  of  platinum  and  in  an  atmosphere 

carbonic  acid — and  treat  the  solution  according  to  a,  or  place  the 
bstance  at  once  in  a  concentrated  solution  of  sesquichlorido  of  iron, 
xed  Mrith  a  little  hydrochloric  acid  ;  under  these  circumstances  it  will, 
finely  divided,  dissolve  quickly  even  in  the  cold  and  without  evolu- 
n  of  hydrogen.  •  Gentle  warming  is  unobjectionable.  Now  add  the 
rmanganate.  The  reaction  is  Sn4-2  Fe3Cl3=Sn  01,4-4  Fe  CI, 
jrefore  every  4  eq.  iron  found  reduced  correspond  to  1  eq.  tin. 
e  results  are  of  course  only  correct  when  iron  is  not  present, 
here  this  is  the  case,  proceed  with  the  impure  tin  solution  accord- 
j  to  c. 

c.  The  given  substance  is  bichloride  of  tin,  or  binoxide  of  tin,  or  a 
npound  of  tin  containing  iron.  Dissolve  in  water  with  addition  of 
drochloric  acid,  place  a  plate  of  zinc  in  the  solution  and  allow  to  stand 
elve  hours,  then  remove  the  precipitated  tin  with  a  brush,  wash  it, 
solve  in  sesquichloride  of  iron,  and  proceed  as  in  6. 

i.  The  given  substance  is  pure  bisulphide  of  tin,  precipitated  out  of 
acid  solution  of  binoxide  free  from  protoxide.  Mix  with  sesqiii- 
oride  of  iron,  heat  gently,  filter  off  the  sulphur,  and  then  add  the 
-znanganate.  4  eq.  iron  correspond  to  1  eq.  tin,  for  SnSa  +  2  FeaCL,= 
01,  +  4  Fed  +  2  S.  The  results  obtained  by  Stbometer  are  quite 
isfiActory. 

§  127. 
6.  Absenious  Acid,  and  7.  Absekic  Acid. 

%,  Solution, 

rhe  compounds  of  arsenious  and  arsenic  acids  which  are  not  soluble  in 
ter  are  dissolved  in  hydrochloric  acid  or  in  nitrohydrochloric  acid, 
me  native  arseniates  require  fusing  with  carbonate  of  soda.  Metallic 
enic,  sulphide  of  arsenic  and  metallic  arsenides  are  dissolved  in  fuming 
ric  acid  or  nitrohydrochloric  acid ;  those  metallic  arsenides  which  are 
oluble  in  these  menstrua  are  fused  with  carbonate  of  soda  and  nititite 
potassa,  by  which  means  they  are  converted  into  soluble  arseniates  of 
»  alkalies  and  insoluble  metallic  oxides,  or  they  may  be  suspended  in 
Assa  solution  and  treated  with  chlorine  (§  164,  B,  7).  In  this  last 
nner  too,  sulphide  of  arsenic,  dissolved  in  concentrated  j>otaRsa,  may 
very  easily  rendered  soluble.  All  solutions  of  compounds  of  arsenic 
tch  have  been  effected  by  long  heating  with  fuming  nitric  acid,  or  by 
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warming  with  excess  of  nitroLydrochloric  add,  or  chlorine^  oontab 
arseiiic  acid.  A  solution  of  arseuious  acid  in  hydrochloric  add  caimot 
be  oonceiiti-ated  by  evaporation,  since  chloride  of  arsenic  would  escape 
with  the  hydrochloiic  acid  fumes.  This,  however,  less  readily  takei 
place  if  the  solution  contains  arsenic  acid ;  it  is  advisable  in  all  casei 
where  a  hydrochloric  acid  solution  containing  arsenic  is  to  be  oonoea- 
trated,  previously  to  render  the  same  alkaline. 

b.  Determination. 

A  rseiiic  is  weighed  as  arseniate  of  lead^  or  as  arseniale  of  magnetia 
and  ammonia^  or  as  arseniate  of  aeaquioodde  of  iron^  or  as  tersidphuJe  of 
arsenic.  The  determination  as  arseniate  of  magnesia  and  ammonia  is 
sometimes  preceded  by  precipitation  as  arsenio-molybdate  of  ammonia. 
Arsenic  may  be  estimated  also  in  an  indirect  way,  and  by  volumetric  methodi. 

We  may  convert  into 

1.  Arseniate  of  Lead. 

Arsenious  and  arsenic  acids  in  aqueous  or  nitric  add  solutaon.  (Addi 
or  halogens  forming  fixed  salts  with  oxide  of  lead  or  metallic  lead,  mint 
not  be  present.) 

2.  Arseniate  of  Magnesia  and  Ahmokia. 

a,  Dy  Direct  Precipitation, 

Arsenic  acid  in  all  solutions  free  from  bases  or  adds  predpitable  by 
magnesia  or  ammonia. 

6.  Preceded  by  Precipitation  as  Arsenio-Mblyhdate  of  j^fnmoma. 

Arsenic  acid  in  all  cases  where  no  phosphoric  add  is  present^  nor  ai^ 
substance  by  which  molybdic  acid  is  decomposed. 

3.  Arseniate  of  Sesquioxide  of  Iron. 

Ars(aiic  acid  in  solutions  free  from  substances  precipitable  by  aeagifr 
chloride  of  iron  with  addition  of  ammonia  or  carbonate  of  baryta. 

4.  Tersulpiiide  of  Arsenic. 

All  conipoundvS  of  arsenic  without  exception. 

Arsenic  may  be  determined  volumetrically  in  a  simple  and  exact  mm- 
ner,  whetluu*  pn^sent  in  the  form  of  arsenious  acid  or  an  alkaline  arsenitfl^ 
or  as  i\i*s<*mc  acid  or  an  alkaline  arseniate.  The  volumetric  methods hATe 
now  almost  entirely  superseded  the  indirect  gravimetric  methods  fonneilf 
employed  to  effect  the  estimation  of  arsenious  acid. 

1.  Deter  mi  odtion  as  Arseniate  of  Lead,, 

or.  Ars*m\c  Acid  in  Aqueoiis  Solution, 

A  weighed  portion  of  the  solution  is  put  into  a  platintun  or  poredaiB 
dish,  and  a  weighed  amount  of  recently  ignited  pure  oxide  of  lead  added 
(about  five  or  six  times  the  supposed  quantity  of  arsenic  add  present); 
the  mixture  is  cautiously  evaporated  to  dryness,  and  the  residue  betted 
to  gentle  redness,  and  maintained  some  time  at  this  temperature.  Ikt 
residue  is  arseniate  of  lead  -h  oxide  of  lead.  The  quantity  of  arsenic  add 
is  now  readily  found  by  subti-acting  from  the  weight  of  the  residue  tM 
of  the  oxide  of  lead  added. 
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For  the  properties  of  arseuiiite  of  lead,  see  §  92.  Tlie  results  are  per- 
fectly accui-ate,  provided  the  residue  be  not  heated  beyond  gentle  redness. 

6.  A4'8eniou8  Acid  in  Solution, 

Mix  the  solution  with  nitric  acid,  evaporate  to  a  small  bulk,  add  a 
weighed  quantity  of  oxide  of  lead  in  excess,  evaporate  to  diyness,  and 
ignite  the  residue  most  cautiously  in  a  covered  crucible,  until  the  whole 
of  the  nitrate  of  lead  is  decomposed.  The  residue  consists  here  also  of 
arsenic  acid + oxide  of  lead.  This  method  requires  considerable  care  to 
guard  against  loss  by  decrepitation  upon  ignition  of  the  nitrate  of  lead. 

2.  J^slimation  as  Arseniate  of  Magnesia  and  Ammonia,  - 

a.  JBy  Direct  Precipitation, 

This  method,  which  was  fii*st  recommended  by  Levol,  presupposes 
that  the  whole  of  the  arsenic  is  contained  in  the  solution  in  the  form  of 
arsenic  acid.  Where  this  is  not  the  case,  the  solution  is  gently  heated, 
in  a  capacious  flask,  with  hydrochloiic  acid,  and  chlorate  of  potassa  added 
in  small  portions,  until  the  fluid  emits  a  strong  smell  of  chlorous  acid ;  it 
is  then  allowed  to  stand  at  a  gentle  heat  until  the  odor  of  this  gas  is  nearly 
gone  off. 

The  arsenic  acid  solution  is  now  mixed  with  ammonia  in  excess,  which 
must  not  produce  turbidity,  even  after  standing  some  time ;  a  solution 
of  sulphate  of  magnesia  is  then  added,  containing  chloride  of  ammonium 
in  sufficient  quantity  to  prevent  its  being  rendered  turbid  by  ammonia. 
(Tlie  best  way  is  to  keep  a  solution  of  sulphate  of  magnesia  mixed  with 
chloride  of  ammonium  and  ammonia  ready  prepared  in  the  laboratory — • 
see  §  62,  6.)  The  fluid,  which  smells  strongly  of  anmionia,  is  allowed  to 
stand  12  hours  in  the  cold,  and  then  filtered  through  a  weighed  filter. 
The  precipitate  is  then  transferred  to  the  filter,  with  the  aid  of  portions 
of  the  filtrate  so  as  to  use  no  more  washing  water  than  necessary,  and 
washed  with  small  quantities  of  a  mixture  of  three  parts  water  and 
one  part  ammonia,  till  the  washings  on  being  mixed  with  nitric  acid 
and  niti-ate  of  silver  show  only  a  slight  opalescence.  The  precipitate  is 
dried  at  105  to  110°,  and  weighed.  It  has  the  formula,  2  Mg  O,  N  H^ 
O,  AsO^-haq.* 

For  its  properties,  see  §  92.  This  process  yields,  it  is  true,  satisfac 
tory  results,  but  they  are  still  always  somewhat  too  low*,  as  the  precipi- 
tate is  perceptibly  soluble  even  in  ammoniacal  water.  The  error  may 
be  diminished  by  measuring  the  filtrate  (without  the  washings)  and  add- 
ing for  every  16  c.  c.  1  mgrm.  to  the  weight  found  of  the  precipitate. 
To  extend  the  correction  to  the  washings  is  inadmissible,  since  they 
cannot  be  regarded  as  a  saturated  solution. 

6.  Preceded  hy  Precipitation  as  Arsenio-Molyhdate  of  Ammonia, 

Mix  the  acid  solution,  which  must  be  free  from  phosphoric  and  silicic 
acids,  with  an  excess  of  solution  of  molybdate  of  ammonia.  The  molyb- 
date  of  ammonia  solution  should  have  been  previously  mixed  with 
nitric  acid  in  excess,  and  the  whole  process  is  conducted  exactly  as  in  the 
case  of  phosphoric  acid — see  §  134,  6,  j3.  Treat  the  arsoniate  of  mag- 
nesia and  ammonia  thrown  down  from  the  ammoniacal  solution  of  the 

*  If  it  IB  dried  in  a  water-bath,  the  drying  must  be  extremely  prolonged,  or  other* 
wise  more  than  1  aq.  will  be  left.  After  brief  diying  in  the  water-bath  the  com* 
pound  containB  between  1  and  8  eq.  water. 
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arsenio-molybdaie  of  ammonia  with  a  mixtare  of  solpliate  of  fmgnMM 
and  chloride  of  ammonium,  as  in  a.     Kesolts  satiBfactoiy. 

3.  Estimation  as  Arseniate  of  Sesquioonde  of  Iron. 
(Berthier  and  v.  Kobell's  method.) 

a.  The  Solution  contains  no  other  fixed  JBases  besides  Alkalies, 

Add  to  the  solution  a  measured  quantity  of  solution  of  aesquioxide  of 
iron  of  known  strength,  and  precipitate  with  ammonia.      (The  preci- 
pitate must  be  reddish  brown :  if  not  of  that  color,  it  is  a  sign  that  t 
sufficient  (]UHntity  of  the  solution  of  sesqiiioxide  of  iron  has  not  been 
added.)     Allow  to  stand  some  time  at  a  gentle  heat ;  filter,  wash,  and 
dry  the  precipitate ;  then  expose  first  to  a  very  gentle  heat,  to  insure 
the  expulsion  of  the  anunonia  at  a  temperature  at  which  it  cannot  ex(i<- 
cise  a  reducing  action  upon  the  arsenic  acid ;  after  a  time,  increase  tlie 
heat  gradually,  at  last  subjecting  the  residue  to  intense  ignition,  till  tlie 
weight  remains  constant.     The  residue  is  basic  arseniate  of  sesquiozide 
of  iron  -f  sesquioxide  of  iron,  or  in  other  words,  sesquioxide  of  iron  -f- 
arsenic  acid.     Deduct  from  the  weight  of  the  residue  the  weight  of  the 
sesquioxide  of  iron  added :    the  difierence  expresses  the   quantity  of 
ai'seuic  acid  contained  in  the  analyzed  solution.     A  solution  of  sesqui- 
oxide of  iron  of  known  strength  for  the  above  purpose  is  best  prepared 
by  dissolving  fine  iron  wire  in  nitric  acid  by  the  aid  of  heat,  diluting 
suitably,  and  determining  the  sesquioxide  of  iron  in  10  cc.  by  precipi- 
tation with  ammonia  (see  §  113,  1,  a).     The  presence  of  a  snoiall  amomift 
of  silicic  acid  in  the  solution  of  sesquioxide  of  iron  is  then  without 
injurious   influence,    since  the   same   is  weighed   with   the  iron  botk 
in  the  determination  of  the  strength  of  the  solution  and  in  the  arsenic 
estimation. 

b.  The  Solution  contains  other  fixed  liases  besides  Alkalies, 

The  preceding  method  of  Berthier  is  modified  by  v.  Kobell  as  fel- 
lows, provided  the  bases  present  in  the  solution  are  not  precipitated  hj 
carbonate  of  baryta  in  the  cold.  The  solution  is  mixed  with  solution  of 
seKquioxide  of  iron  of  known  strength,  as  in  a,  but  instead  of  ammonia, 
carbonate  of  baryta  is  added  in  excess  (should  the  fluid  contain  a  large 
excess  of  free  acid,  it  is  advisable  to  nearly  neutralize  this  previously 
with  carbonate  of  soda ;  the  fluid  must,  however,  still  remain  clear). 
Tlie  mixture  is  then  allowed  to  stand  several  hours  in  the  cold,  and  tk« 
procij)itate,  which  contains  the  whole  of  the  sesquioxide  of  iron,  the 
whole  of  the  ai*senic  acid,  and  the  excess  of  carbonate  of  baiyta,  is  washed 
with  cold  water,  first  by  decantation,  then  upon  the  filter,  dried,  gentlj 
ignited  for  sortie  tlm^,  and  weighed.  The  residue  is  dissolved  in  hydro- 
chloric iicid,  the  amount  of  baryta  contained  in  it  determined  by  means 
of  sulphuric  acid,  the  sulphate  of  baryta  obtained  calculated  to  car* 
bonate,  and  the  calculati'd  weight,  together  with  the  known  weight  of 
the  sesquioxide  of  iron,  subtracted  from  the  weight  of  the  original  res 
due :  the  ditteronce  exj>n»ssos  the  quantity  of  arsenic  acid  contained  in 
the  analyzed  solution.  This  method  presupposes  the  absence  of  sulphuric 
acid.  In  cases,  therefore,  where  that  acid  is  present,  it  must  be  removed 
before  the  carbonate  of  baryta  can  be  added  ;  which  is  efiected  by  pre» 
pitating  with  chloride  of  barium,  and  filtering  oflf  the  precipitate. 
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4.  Delerminattan  as  Tersvlphuh  of  Arsenic, 

a.  In  Solutions  of  Arsenious  Add  or  Arsenites^  free  from  Arsenic 
Acid, 

Precipitate  with  sulphuretted  hydrogen,  and  expel  the  excess  of  the 
precipitant  by  carbonic  acid,  conducting  the  process  in  the  same  way  aa 
with  antimony — see  §  125,  1.  Wash  the  precipitated  tersulphide  of 
arsenic,  dry  at  100°,  and  weigh.  Particles  of  the  precipitate  adhe- 
ring so  firmly  to  the  glass  tube  that  mechanical  means  fail  to  remove 
them  are  dissolved  in  ammonia,  and  then  reprecipitated  by  hydrochloric 
acid.  For  the  properties  of  the  precipitate,  see  §  92.  The  results  are 
accurate. 

If  the  solution  contains  a  substance  which'  decomposes  sulphuretted 
hydrogen,  such  as  sesquioxide  of  iron,  chromic  acid,  &c.,  the  free  sul- 
phur which  precipitates  with  the  tersulphide  of  arsenic  destroys  the 
accuracy  of  the  results.  In  such  cases  the  precipitate  is  dissolved  in 
solution  of  potassa,  and  chlorine  transmitted  through  the  solution  (§ 
148,  II.  2,  h).  In  the  solution  produced,  which  contains  the  sulphiir 
as  sulphuric  acid,  the  arsenic  as  arsenic  acid,  the  latter  is  determined  as 
in  2,  a ;  or  the  sulphuric  acid  is  estimated,  the  quantity  found  calculated 
to  sulphur,  and  the  calculated  weight  of  the  latter  subtracted  from  that 
of  the  mixed  precipitate  of  tersulphide  of  arsenic  and  sulphur.  No  loss 
of  arsenic  by  volatilization  of  the  chloride  takes  place  in  this  method  of 
oxidizing  the  sulphide  of  arsenic,  since  the  solution  remains  alkaline. 
The  object  may  also  be  conveniently  attained  by  the  use  of  nitric  acid.  A 
very  strong  fuming  acid,  of  86°  boiling  point,  is  employed ;  an  acid  of 
1*42  sp.gr.  which  boils  at  a  higher  temperature  does  not  answer  the  pur 
pose,  as  the  separated  sulphur  would  fuse,  and  its  oxidation  would  be  much 
retarded.  The  well-dried  precipitate  is  shaken  into  a  small  porcelain  dish, 
treated  with  a  tolerably  large  excess  of  the  fuming  nitric  acid,  the  dish  im- 
mediately covered  with  a  clock-glass,  and  as  soon  as  the  turbulence  of  the 
first  action  has  somewhat  al:^ted,  heated  on  a  water-bath,  till  all  the 
sulphur  has  disappeared,  and  the  nitric  acid  has  evaporated  to  a  small 
volume.  The  filter  to  which  the  unremovable  traces  of  sulphide  of 
arsenic  adhere  is  treated  separately  in  the  same  manner,  the  complete 
destruction  of  the  organic  matter  being  finally  effected  by  gendy  warm- 
ing the  somewhat  dilute  solution  with  chlorate  of  potassa  (Bunskn  *). 
Or  the  filter  may  instead  be  extracted  with  ammonia,  the  solution 
evaporated  in  a  separate  dish,  and  the  residual  tersulphide  treated  as 
above.  In  the  mixed  solution  the  arsenic  acid  is  finally  precipitated  as 
arseniate  of  magnesia  and  ammonia  (§  127,  2).  Treatment  of  the  impure 
precipitate  with  ammonia,  whereby  the  sulphide  is  dissolved,  and  the 
Bulphur  is  supposed  to  remain  behind,  only  gives  approximate  results,  as 
the  ammoniacal  solution  of  tei*sulphide  of  arsenic  takes  up  a  little  sul- 
phur. Small  quantities  of  admixed  free  sulphur  may  be  also  removed 
without  difficulty  by  bisulphide  of  carbon ;  but  I  cannot  recommend 
this  method  where  large  quantities  of  sulphur  are  to  be  extracted.  If 
the  precipitate  is  moist,  before  using  this  solvent,  the  water  should  be 
got  rid  of  by  twice  treating  with  absolute  alcohol. 

6.  In  Solutions  of  Arsenic  Add  or  ArseniateSy  or  of  a  mixtwre  of  tht 
two  Oxides  of  Arsenic, 

*  AnnaL  d.  Chem.  o.  Pharm.  106, 10. 
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Heat  the  solution  in  a  flask  (pi'eferably  on  an  iron  plate)  to  about  70^, 
and  conduct  sulphuretted  hydrogen  at  the  same  time  into  the  Hiiid,  ai 
long  as  precipitation  take  place.  The  precipitate  formed  is  always  a 
mixture  of  sulphur  and  tcrsulphide  of  arsenic,  since  the  arsenic  acid  is 
fii-st  reduced  to  arsenious  acid  with  separation  of  sulphur,  and  then  the 
former  is  decomposed  (H.  Rose*). 

Only  in  the  case  when  a  sulphosalt  containing  pentasulphide  of  arsenic 
is  decomposed  with  an  acid,  is  the  precipitate  actually  pentasulphide, 
and  not  merely  a  mixture  of  sulphur  with  tersulphide  (A.  FucHS  f). 
Whichever  may  be  the  constitution  of  the  precipitate,  either  the  arsenic 
or  the  sulphur  in  it  must  be  determined,  after  drying  and  weighings 
by  one  of  the  methods  given  in  4,  a. 

5.  Volumetric  Methods. 

a,  MetJwd  which  pre»up2yo8e8  the  presence  of  Arsenious  Acid, 

B UNBENDS  method.^  If  bichromate  of  potassa  is  boiled  with  conoeii< 
trated  hydrochloric  acid,  3  eq.  chlorine  are  disengaged  to  every  2  eq. 
chromic  \cid  (2  Cr  03+6  H  Cl=Cr,  Clj-hS  Q+G  H  O).  But  if 
arsenious  acid  is  present  (not  in  excess)  there  is  not  the  quantity  of 
chlorine  disengaged  cori*esponding  to  the  chromic  acid,  but  so  much  lea 
of  that  element  as  is  required  to  convert  the  arsenious  into  arsenic  add 
(As  03  +  2  Cl-f  2  H  0=As  05+2  H  CI).  Consequently,  for  every  2 
eq.  chlorine  wanting  is  to  be  reckoned  1  eq.  arsenious  acid.  The  quan- 
tity of  chlorine  is  estimated  as  directed  130,  I.  (f,  3. 

b.  Method,  which  presupposes  the  presence  of  Arsenic  AcicL 

This  method  depends  on  the  precipitation  of  the  arsenic  acid  by  uranium 
solution  and  the  recognition  of  the  end  of  the  reaction  by  means  of  feno* 
cyanide  of  i>otassium.  It  is  therefore  the  same  as  was  suggested  for  phos- 
pliurii"  iK'id  by  Leconte,  and  brought  into  use  by  Neubauer,  §  andafte^ 
wards  by  Pixcus.  || 

B()DEKEi{,*,[  wlio  first  employed  the  process  for  arsenic  acid,  recommends 
tho  employment  of  a  solution  of  nitrate  of  sesquioxide  of  uranium,  as  this 
is  more  peiinaneut  than  the  hitherto  used  acetate,  which  is  gradually 
decom[)(jsed  by  tho  action  of  light. 

The  uranium  solution  has  the  correct  degree  of  dilution,  if  it  contains 
about  'JO  grm.  scs<piioxide  of  uranium  in  1  litre.  It  should  contain  as  Uttle 
free  acid  as  possible.  The  determination  of  its  value  may  be  effected 
with  tho  aid  of  pure;  arseniat(i  of  soda  or  by  means  of  arsenious  acid, — the 
lattta-  is  converted  into  arsenic  acid  by  boiling  with  fuming  nitric  add. 
The  solution  is  rendered  strongly  alkaline  with  ammonia,  and  then  dis- 
tinctly acid  with  ac(itic  acid.  The  uranium  solution  is  now  run  in  from 
the  burette  slowly,  the  liquid  being  well  stirred  all  the  while,  till  a  dropof 
the  mixtui-e  sj)read  out  on  a  porcelain  plate,  gives  with  a  drop  of  ferto- 
cyanide  of  potassium  placed  in  its  centre,  a  distinct  reddish  brown  lim 
where  the  two  fluids  meet.  The  height  of  the  fluid  in  the  burette  is  now 
read  otf,  the  level  of  the  mixture  in  the  beaker  is  marked  with  astripcf 
gummed  ])aper,  and  the  beaker  is  emptied  and  washed,  filled  with  inktoi 


♦  Pogg.  Annal.  107,  180.  f  Zeitschrift  f.  anaL  Chem.  1,  180. 

X  Annal.  d.  Chem.  u.  Pharm.  80,  290. 

^  Archly.  f»ir  wLssengchaftliche  Heilkunde,  Bd.  iv.  S.  228. 

f  Joum.  f.  prakt  Chem.  76,  104.       1  AnnaL  d.  Chem.  u.  Pharm.  117,  l«L 
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with  addition  of  about  as  much  ammonia  and  acetic  ftcid  as  was  befora 
employed,  and  the  uranium  solution  is  cautiously  dropped  in  from  the 
burette,  till  a  drop  taken  out  of  the  beaker  and  tested  as  above,  gives  an 
equally  distinct  border-line.  The  quantity  of  uranium  solution  used  in 
this  last  experiment  is  the  excess,  which  must  be  added  to  make  the  end- 
reaction  plain  for  the  dilution  adopted.  This  amount  is  subtracted  from 
that^used  in  the  first  experiment,  and  we  then  know  the  exact  value  of 
the  uranium  solution  with  reference  to  arsenic  acid. 

In  an  actual  analysis,  the  arsenic  is  first  brought  into  the  form  of  arsenic 
acid,  a  clear  solution  is  obtained  containing  acetate  of  ammonia  and  some 
free  acetic  acid,*  and  the  process  is  conducted  exactly  as  in  determining 
the  value  of  the  standard  solution.  The  experiment  to  ascertain  the  cor- 
rection must  not  be  omitted  here,  otherwise  errors  are  sure  to  arise  from 
the  different  degrees  of  dilution  of  the  arsenic  acid  solutions  used  in  the 
determination  of  the  value  of  the  standard  solution  and  in  the  actual 
analyses.  The  results  of  two  determinations  of  arsenic  given  by  Bodeker 
are  satisfactory.     To  execute  the  method  well  requires  practice. 

6.  JEstimatian  of  Araenious  Acid  hy  Indirect  Ghrammetric  Analysis, 

CL,  Rose's  method.  Add  to  the  hydrochloric  acid  solution,  in  the  pre- 
paration of  which  care  must  be  taken  to  exclude  oxidizing  substances,  a 
solution  of  sodio-  or  ammonio-terchloride  of  gold  in  excess,  and  digest  the 
mixture  for  several  days,  in  the  cold,  or,  in  the  case  of  dilute  solutions, 
lit  a  gentle  warmth  ;  then  weigh  the  separated  gold  as  directed  in  §  1 23. 
Keep  the  filtrate  to  make  quite  sure  that  no  more  gold  will  separate.  2 
eq.  gold  correspond  to  3  eq.  arsenious  acid. 

6.  VoHL'sf  method.  Mix  the  solution  under  examination  with  a 
■weighed  quantity  of  bichromate  of  potassa,  and  free  sulphuric  acid; 
estimate  the  chromic  acid  still  present  by  the  method  given  in  §  130,  c, 
and  deduce  from  the  quantity  of  that  acid  consumed  in  the  process,  t.  c, 
reduced  by  the  arsenious  acid,  the  quantity  of  the  latter,  after  the  for- 
mula 3  As  03+4  Or  0^=3  As  0^+2  Cr,  O3. 

SupplemeirU  to  the  Sixth  Ghroup. 

§  128. 

8.  MoLYBDic  Acid. 

Molybdic  acid  is  converted,  for  the  purpose  of  its  estimation,  either 
into  binoxide  of  molybdenum,  or  into  molybdate  of  lead,  or  into  bisul- 
phide of  molybdenum. 

o.  Pure  molybdic  acid  (Mo  O.,),  and  also  molybdate  of  ammonia,  may 
be  reduced  to  binoxide  by  heating  in  a  current  of  hydrogen  gas.  This 
may  be  done  either  in  a  porcelain  boat,  placed  in  a  wide  glass  tube,  or 
in  a  platinum  or  porcelain  crucible  with  perforated  cover  (§  108,  fig.  47, 
p.  181).  The  operation  is  continued  till  the  weight  lemains  constant. 
The  temperature  must  not  exceed  a  gentle  redness,  otherwise  the  binox- 
ide itself  might  lose  oxygen  and  become- partially  converted  into  metal. 

*  Alkalies,  alkaline  earths  and  oxide  of  zinc  may  be  present,  bat  not  such  metals 
••  yield  colored  precipitates  with  ferrocyanide  of  potassium,  as,  for  instance, 
oopper. 

f  Anil  d.  Ohem.  n.  Pharm.  94,  219. 
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In  the  case  of  molybdate  of  ammonia  the  beat  must  be  veiy  low  at  fintoi 
account  of  tl  e  frothing. 

b.  The  following  is  the  best  method  of  precipitating  molybdic  acid  horn 
an  alkaline  solution.  Dilute  the  solution,  if  necessary,  neutralize  the 
free  alkali  with  nitric  acid,  and  allow  the  carbonic  acid,  which  may  be 
liberated  in  the  process,  to  escape,  then  add  solution  of  neutral  nitrate 
of  suboxide  of  mercury.  Tlie  yellow  precipitate  foi-med  appears  at  first 
bulky,  but  after  several  hours^  standing  it  shrinks ;  it  is  insoluble  in  the 
duid,  which  contains  an  excess  of  niti*ate  of  suboxide  of  mercui-yr  C<A- 
lect  the  precipitate  on  a  filter,  and  wash  with  a  dilute  solution  of  nitrate 
of  suboxide  of  mercury,  as  it  is  slightly  soluble  in  pure  water.  Dry, 
remove  the  dry  precipitate  as  completely  as  practicable  from  the  filtei^ 
and  determine  the  molybdenum  in  it  as  directed  in  a  (H.  Rose)  ;  ormix 
the  precipitate,  together  with  the  fdter-ash,  with  a  weighed  quantity  of 
igiiit^?d  oxide  of  lead,  and  ignite  until  all  the  mercury  is  expelled ;  then  add 
some  nitrate  of  ammonia,  ignite  again  and  weigh.  The  excess  obtained, 
over  and  above  the  weight  of  the  oxide  of  lead  used,  is  molybdic  add 

(SELKJSOnN*). 

c.  Tlie  precipitation  of  molybdenum  as  sulphide  is  always  a  difBcolt 
openition.  If  the  acid  solution  is  supersaturated  with  sulphuretted 
hydrogen,  warmed,  and  filtered,  the  filtrate  and  washings  are  genenUf 
still  colored.  They  must,  accordingly,  be  warmed,  and  sulphuretted 
hydrogen  again  added,  and  the  operation  must  afterwards,  if  neoessuy, 
be  repeated  until  the  washings  api>ear  almost  colorless.  The  predpitar 
tion  succeeds  better  when  the  sulphide  of  molybdenum  is  dissolved  in  a 
relativ(;ly  large  excess  of  sulphide  of  ammonium,  and,  after  the  fluid  kN 
acquired  a  reddisli-yellow  tint,  precipitated  with  hydrochloric  aoi 
Zenker  f  advises  then  to  boil,  until  the  sulphuretted  hydrogen  ia  et 
pelled,  and  to  wash  with  hot  water,  at  first  slightly  acidified.  The  browi 
sulphide  of  molybdenum  is  collected  on  a  weighed  filter,  and  the  molffc- 
denum  determined  in  an  aliquot  part  of  it,  by  gentle  ignition  in  a  ciff* 
rent  of  hydrogen  gas,  as  in  a.  The  brown  sulphide  of  molybdenos 
changes  in  this  process  to  the  gray  bisulphide  (H.  Rose). 

II.  DETERMIXATION  OF  ACIDS  IN  COMPOUNDS  CONTAIMK^ 
ONLY  ONP]  ACID,  FREE  OR  COMBINED ;— AND  SEPAKATIOX  07 
ACIDS  FROM  BASES. 

FIRST   GROUP. 


Jf^rst  Division. 

Arsexious  Acid— Arsenic  Acid — Chromic  Acid — (Seleniom  AflJ 
Sulphurous  and  Ilyposulphurous  Acids,  Iodic  Acid,  Nitrous  Add). 

§  129. 
1.  Arsexious  and  Arsenic  Acids. 


I-  : 


These  have  been  already  treated  of  among  the  bases  (§  137)  *J  B*. 
count  of  their  behavior  with  sulphuretted  hydrogen;  they  are  nrtf  ■^''.;- 


♦  Joum,  f .  prakt.  Chem.  67,  472.  \  Ibid.  W,  2»  I^ 
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mentioned  here  to  indicate  the  place  to  which  they  properly  belong. 
The  methods  of  separating  them  from  the  bases  will  be  found  in  Sec* 
tionV. 

§130. 

2.  CHROino  Acm. 

1.    Determikation. 

Chromic  acid  is  determined  either  in  the  form  of  aesquuxtide  of  chr<h 
nUumy  or  in  that  of  chromate  of  lead.  But  it  may  be  estimated  also 
firom  the  quantity  of  carbonic  acid  disengaged  by  its  action  upon  oxalic 
acid  in  excess,  and  also  by  volumetric  analysis.  In  employing  the  first 
method,  it  must  be  borne  in  mind  that  1  eq.  sesquioxide  of  chromium 
oorres}K>nds  to  2  eq.  chromic  acid. 

a.  Determination  as  Sesquioxide  of  Chromium. 

a.  The  chromic  acid  is  reduced  to  the  state  of  sesquioxide,  and  the 

amount  of  the  latter  determined  (§  106).     The  reduction  is  effected  either 

by  heating  the  solution  with  hydrochloric  acid  and  alcohol ;  or  by  mixing 

hydrochloric  acid  with  the  solution,  and  conducting  sulphuretted  hydrogen 

into  the  mixture ;  or  by  adding  a  strong  solution  of  sulphurous  acid,  and 

applying  a  gentle  heat.     With  concentrated  solutions  the  first  method  is 

Ipenerally  resorted  to,  with  dilute  solutions  one  of  the  two  latter.     With 

respect  to  the  first  method,  I  have  to  remark  that  the  alcohol  must  be 

expelled  before  the  sesquioxide  of  chromium  can  be  precipitated  with 

ammonia ;  and  with  respect  to  the  second,  that  the  solution  supersaturated 

with  sulphuretted  hydrogen  must  be  allowed  to  stand  in  a  moderately 

warm  place,  until  the  separated  sulphur  has  completely  subsided.     The 

xesults  are  accurate. 

0.  The  neutral  or  slightly  acid  (nitric  acid)  solution  is  precipitated 
with  nitrate  of  suboxide  of  mercury,  the  red  precipitate  of  chromate  of 
suboxide  of  mercury  filtered  off,  washed  with  a  dilute  solution  of  nitrate 
^f  suboxide  of  mercury,  dried,  ignited,  and  the  residuary  sesquioxide-  of 
chromium  weighed  (H.  Rose). 

h.  Determination  as  Chromate  of  Lead, 

The  solution  is  mixed  with  acetate  of  soda  in  excess,  and  acetic  acid 
•dded  until  the  reaction  is  strongly  acid ;  the  solution  is  then  precipitated 
•with  neutral  acetate  of  lead.  The  washed  precipitate  is  either  collected 
on  a  weighed  filter,  dried  in  the  water-bath,  and  weighed  ;  or  it  is  gently 
Ignited  as  directed  §  53,  and  then  weighed.  For  the  properties  of  the 
^    precipitate,  see  §  93, 2.     The  results  are  accurate. 

"'  c.  Determination  by  wsans  of  Oxalic  Acid  (after  Vohl). 

,  ^Vhen  chromic  acid  and  oxalic  acid  are  brought  together,  the  former 

yields  oxygen  to  the  latter :  sesquioxide  of  chromium  is  formed,  and  car- 

womc  acid  escajies  (2  Cr  O,  +  3  0,  O,  =  Or,  O3  +  6  C  O,).      Three  eq. 

^J^J^wnic acid  (66)  correspond  accordingly  to  one  eq.  chromic  acid  (50*24). 

J^i^ft  ^  ^^^^*^  ^^^^^*  ^  ^^®  same  as  in  the  analysis  of  manganese  ores 

•   '  ^-    .  ^)*     ^  P****  ^^  chromic  acid  requires  2  J  parts  of  oxalate  of  soda.     If 

^^^tt  la  intended  to  determine  in  the  residue  the  alkali  which  was  combined 

^r  With  the  chromic  acid,  oxalate  of  ammonia  is  used. 
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<f.  Determination  by  Votumetrie  Anafyni. 

a.  Ek.'HWARz's  method. 

The  principle  of  this  very  accurate  met&od  is  identical  with  thatupa 
which  Penny's  method  of  determining  ii-on  is  based  (§  112,  2,  h).  He 
execution  is  simple :  acidify  the  not  too  dilute  solution  of  the  ehromito 
with  sulphuric  acid,  add  in  excess  a  measured  quantity  of  solution  of  pn(p 
oxide  of  iron,  the  strength  of  which  you  have  previously  asoertoine^ 
according  to  the  directions  of  §  112,  2,  a,  or  6,  or  the  solution  of  a  wd^ 
quantity  of  sulphate  of  protoxide  of  iron  and  ammonia,  free  from  aeaqat 
oxide,  and  then  determine  in  the  manner  directed  §112,  2,  a^(nr&,tbi 
quantity  of  protoxide  of  iron  remaining.  The  difference  shows  the  Mmak 
of  iron  that  has  been  converted  by  the  chromic  add  from  the  state  of  pn^ 
oxide  to  that  of  sesquioxide.  1  grm.  of  iron  corresponds  to  0'5981  of 
chromic  acid.  To  determine  the  chromic  acid  in  chromate  of  kid,  tit 
latter  is,  after  addition  of  the  sulphate  of  protoxide  of  iron  and  ft™"^ 
most  thoroughly  triturated  with  hydrochloric  add,  water  added,  and tli 
analysis  then  proceeded  with. 

j3.  Bunsen's  method.* 

If  a  chromate  is  boiled  with  an  excess  of  fuming  hydrodiloric  aody 
there  are  disengaged  for  every  2  eq.  chromic  add  3  eq.  ehlorine;  ftr 
in8tance,KO,2CrO3-f-7HCl  =  KCl-f-Cr,Cl3-f7HO-f-8CLIftl»0 

escaping  gas  is  conducted  into  solution  of  iodide  of  potassium  in  exoetf) 
the  3  eq.  chlorine  set  free  3  eq.  iodine.  By  determining  the  qointitjof 
the  latter  element  in  the  manner  desciibed  in  §  146,  we  find  the  qnaati^ 
of  the  chromic  acid;  381  of  iodine  corresponding  to  100*48  of  chrootf 
acid. 

The  analytical  process  is  conducted  as  follows : — Put  the  wd^ 
sample  of  the  chromate  (say  '3  to  '4  grm.)  into  the  little  flask  d,  fig.  51,    j 
(blown  before  the  lamp,  and  holding  only  from  36  to  40  c.  c),  fill  th« 

flask  to  two-thirds  with  pare 
fuming    hydrochloric  add 
(free  from  a  and  8  0.)arf 
connect  the  bulbed  evolution 
tube  a  with  the  neck  of  tb« 
flask  by  means  of  a  stout 
tight-closing  vulcanized  iu* 
dia-rubbertubec.  AsshoifB 
in  the  engraving,  a  is  a  ben* 
pipette,  drawn  out,  at  the 
lower  end,  into  an  upturned 
-jj.      -^  point.      A  loss  of  chlorine 

^^*      •  need  not  be  apprehended  on 

adding  the  hydrochloric  acid,  as  the  disengagement  of  that  gas  begins  onlj 
upon  the  application  of  heat.  Insert  the  evolution  tube  into  the  neck  of 
the  retort,  which  is  one-third  filled  with  solution  of  iodide  of  potas8ium.t 
Tliis  retort  holds  about  160  c.  c.  The  neck  presents  two  small  ex|>»»- 
sions,  blown  before  the  lamp,  and  intended,  the  lower  one,  to  receive  tho 
liquid  which  is  forced  up  during  the  operation,  the  upper  one,  to  served 

♦  AnnaL  d.  Chem.  u.  Pharm.  86,  279.  - 

f  1  part  of  pure  iodide  of  potassium,  free  from  iodic  acid,  dissolved  in  10  P^'JJ'J: 

water.     The  fluid  mnst  show  no  brown  tint  .mmodiately  after  addition'of  hyo^ 

chloric  acid. 
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an  additional  guard  against;  spirting.  Apply  heat  now,  cautiously,  to  the 
little  flask.  After  two  or  three  minutes'  ebullition,  the  whole  of  the 
chlorine  has  passed  over,  and  liberated  its  equivalent  quantity  of  iodine  in 
the  iodide  of  potassium  solution.  When  the  ebullition  is  at  an  end,  take 
hold  of  the  caoutchouc  tube  c  with  the  left  hand,  and,  whilst  steadily 
holding  the  lamp  under  the  flask  with  the  right,  lift  a  so  far  out  of  the 
retort  that  the  curved  point  is  in  the  bulb  b.  Now  remove  first  the  lamp, 
then  the  flask,  dip  the  retort  in  cold  water,  to  cool  it,  and  shake  the  fluid 
in  it  about  to  effect  the  complete  solution  of  the  separated  iodine  in  the 
excess  of  iodide  of  potassium  solution.  When  the  fluid  is  quite  cold, 
transfer  it  to  a  beaker,  rinsing  the  retort  into  the  beaker,  and  proceed  as 
directed  §  146.  The  method  gives  very  satisfactory  results.  The  appa- 
ratus here  recommended  differs  slightly  from  that  used  by  Bunsen,  the 
retort  of  the  latter  having  only  one  bulbous  expansion  in  the  neck,  and 
the  evolution  tube  no  bulb,  being  closed  instead,  at  the  lower  end,  by  a 
glass  or  caoutchouc  valve,  which  permits  the  exit  of  the  gas  from  the  tube, 
but  opposes  the  entrance  of  the  fluid  into  it.  I  think  the  modifications 
irhich  I  have  made  in  Bunsen's  apparatus  are  calculated  to  facilitate  the 
Buccess  of  the  operation. 

II.  Separation  op  Chromic  Acid  from  the  Bases. 

o.  Op  the  First  Group 

a.  Reduce  the  chromic  acid  as  directed  in  I.,  and  separate  the  sesqui- 
oxide  of  chromium  from  the  alkalies  as  directed  in  §  155. 

3.  Mix  the  chromate  of  potassa  or  soda  with  about  2  parts  of  dry 
pulverized  chloride  of  ammonium,  and  heat  the  mixture  cautiously. 
^The  residue  contains  the  chlorides  of  the  alkali  metals  and  sesquioxide 
4d  chromium,  which  may  be  separated  by  means  of  water. 

y,  Chromate  of  ammonia  is  reduced  to  sesquioxide  of  chromium  by 
40ftiitiou8  ignition.  The  ammonia  is  estimated  in  a  sepai*ate  portion  ac- 
cording to  §  99,  3. 

b.  Op  the  Second  Group. 

a.  Fuse  the  compound  under  examination  with  4  parts  of  carbonate 
<rf  soda  and  potassa,  and  treat  the  fused  mass  with  hot  water,  which  dis- 
solves the  chromic  acid  in  the  form  of  an  alkaline  chromate.  The  resi- 
due contains  the  alkaline  earths  in  the  form  of  carbonates ;  but  as  they 
oontain  alkali,  they  cannot  be  "weighed  directly.  The  chromic  acid  in  the 
Solution  is  determined  as  in  I.  Chromate  of  baryta  (and  doubtless  also 
.»*,  tiie  chromates  of  strontia  and  lime)  may,  as  shown  by  H.  Rose,*  be 
^  "  l«adily  and  completely  decomposed  by  simple  boiling  with  an  excess  of 
1^;  aolution  of  carbonate  of  potassa  or  soda. 

^^■'  0.  Dissolve  in  hydrochloric  acid,  reduce  the  chromic  acid  according  to 
>;^:-*"®  directions  of  I.,  a,  and  separate  the  sesquioxide  of  chromium  from 
^"^l**®  alkaline  earth  according  to  §  156. 

^^i.  7'  Chromate  of  magnesia  as  well  as  other  chromates  of  the  alkaline 
^^^!^J^^^  soluble  in  water  may  be  easily  decomposed  also,  by  determining 
.  1^  ::Pie  chromic  acid  according  to  I.,  a,  j3,  or  I.,  6,  and  separating  the  mag- 
^.^-"'P^Cfiia,  «fec.,  in  the  filtrate  from  the  excess  of  the  salt  of  mercury  or  lead 
^  directed  §  162. 

•  *^  ♦  Jamil,  f.  prakt.  Chem.  66, 166. 
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S,  Chromates  of  baryta,  strontia,  and  lime  may  also  be  decompoaed  1^ 
tbe  metbod  described  II.,  a,  jS.  Compare  Bahr,  analysiB  of  bidiromii 
of  baryta,  lime,  &c.* 

c.  Op  the  Third  Group. 

a.  I^om  Alumina, 

Precipitate  tbe  alumina  by  ammonia  or  carbonate  of  ammonia  (§  105), 
and  determine  tbe  cbromic  acid  in  tbe  filtrate  according  to  tbe  directioiis 
given  in  I.  (compare  also  §  157). 

j3.  JFVom  Sesquioxid^  of  Chromium, 

aa.  Determine  in  one  portion  tbe  quantity  of  tbe  cbromic  acid  accord- 
ing to  I.,  c,  or  I.,  dy  a,  or  3,  and  in  anotber  portion  tbe  total  amount  of 
tbe  cbromium,  by  converting  it  all  into  eitber  sesquioxide  or  chromk 
acid.  Tha  entire  conversion  of  tbe  substance  into  sesquioxide  may  bf 
efiected  eitber  by  cautious  ignition  witb  cbloride  of  ammonium,  or  ic 
cording  to  I.,  a, — into  chromic  acid  according  to  §  106,  2. 

hb.  In  many  cases  tbe  cbromic  acid  may  be  precipitated  according  tc 
I.,  a,  13,  or  I.,  b,  Tbe  sesquioxide  of  cbromium  and  suboxide  of  mepcuir, 
or  oxide  of  lead,  in  the  filtrate,  are  separated  as  directed  §  162. 

cc.  The  hydrated  compounds  of  sesquioxide  of  cbromium  with  drnmnc 
acid,  such  8«  are  obtained  by  precipitating  a  solution  of  sesquioxide  of 
chromium  with  a  solution  of  cbromate  of  potassa,  &c.,  may  also  be  anir 
lyzed  by  ignition  in  a  stream  of  dry  air,  tbe  apparatus,  fig.  25,  p.  45, 
being  employed.  The  loss  of  weight  of  tbe  bulb-tube  represents  th« 
joint  amount  of  oxygen  and  water  that  have  escaped.  If  the  increment 
of  tho  Ca  CI  tube  \b  deducted,  we  shall  have  tbe  oxygen.  Now  every 
3  eq.  oxygen  correspond  to  2  eq.  of  chromic  acid.  The  amount  of  the 
latter  being  thus  calculated,  we  have  only  to  subti-act  its  equivalent 
quantity  of  sesquioxide  from  the  weight  of  residue  after  tbe  ignition, 
and  the  remainder  is  the  quantity  of  sesquioxide  originally  present. 
VoGEL  f  and  also  Stoker  and  Elliot  J  have  employed  this  method. 

d.  Of  the  Fourth  Group. 

a.  Proceed  as  directed  in  6,  a.  Upon  treating  the  fused  mass  witl* 
hot  water,  the  metals  are  left  as  oxides.  In  the  case  of  manganese  it* 
fusion  must  be  eft'ected  in  an  atmosphere  of  carbonic  acid  gas.  Appara* 
tus,  fig.  47  in  §  108. 

)3.  Keduce  the  chromic  acid  as  directed  in  I.,  a,  and  separate  the  ses- 
quioxide of  chromium  from  the  metals  in  question,  as  directed  in  §  \^^' 

e.  Of  the  Fifth  and  Sixth  Groups. 

«.  Acidify  the  solution,  and  precipitate,  either  at  once  or  after  pr^ 
vious  reduction  of  the  chromic  acid  by  sulphurous  acid,  with  sulphuret- 
ted hydrogen.  Tho  metals  of  the  fifth  and  sixth  groups  precipitately 
con  junction  with  free  sulphur  (§§  115  to  127),  the  chromic  acid  ^ 
reduced.  Flter  and  determine  the  sesqidoxide  of  cbromium  in  the  fil- 
trate, as  directed  in  I.,  a, 

3.  Cbromate  of  lead  may  be   conveniently  decomposed  by  heawDj 

*  Jonm,  f.  prakt.  Chem,  60,  CO. 

♦  Ibid.  77,  484. 
X  Prooeedings  of  the  American  Academy,  vol.  ▼.  p.  198. 
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rith  hydrochloric  acid  and  some  alcohol ;  the  chloride  of  lead  and  se^ 
[uickloride  of  chromium  formed  ai*e  subsequently  separated  by  mean! 
»f  alcohol  (compare  §  162).  The  alcoholic  solution  ought  always  to  b« 
ested  with  sulphuric  acid ;  should  a  precipitate  of  sulphate  of  lead  foim, 
his  must  be  filtered  oft,  weighed,  and  taken  into  account  (compare  also 
1 130,  L,  d). 

Supplement  to  the  First  JDivieum, 

§131. 
1.  Selenious  Acid. 

From  aqueous  or  hydrochloric  acid  solutions  of  selenious  acid,  the  sele* 
aium  is  precipitated  by  sulphurous  acid  gas  or,  in  presence  of  an  excess 
df  acid,  by  sulphite  of  soda,  or  sulphite  of  ammonia.  If  th^  solution 
N>ntains  nitric  acid,  this  must  be  removed  first  by  evaporation  with 
hydrochloric  acid.  The  precipitated  liquid  is  heated  to  boiling  for  ^ 
honr,  which  changes  the  precipitate  from  its  original  red  color  to  black, 
tod  makes  it  dense  and  heAvy.  The  liquid  is  tested  by  a  further  addi- 
tion of  the  reagent  to  see  whether  any  more  selenium  will  separate ;  the 
precipitate  is  finally  collected  on  a  weighed  filter,  dried  at  a  temperature 
somewhat  below  100**,  and  weighed.  Since  H.  Bose  *  has  shown  that 
the  presence  of  hydrochloric  acid  is  an  essential  condition  to  the  com- 
plete reduction  of  the  selenious  acid,  the  former  acid  must  be  added,  if 
not  aheady  present.  To  make  quite  sure  that  all  the  selenium  has 
heen  removed,  the  filtrate  is  evaporated  to  a  small  volume,  boiled  with 
strong  hydrochloric  acid,  so  as  to  reduce  any  selenic  acid  to  selenious 
•cid,  and  tested  once  more  with  sulphurous  acid. 

As  regards  the  separation  of  selenious  acid  from  the  bases,  the  follow- 
tog  brief  directions  will  suffice : — 

«.  If  the  bases  are  not  liable  to  be  altered  by  the  action  of  sulphurous 
•cid  and  hydrochloric  acid,  the  selenium  may  be  at  once  precipitated  in 
tne  way  just  given ;  the  filtrate,  when  evaporated  with  sulphuric  acid, 
yields  the  base  as  sulphate. 

h.  From  bases  which  are  not  thrown  down  from  acid  solution  by 
»^y<h"08ulphuric  acid,  the  selenious  acid  may  be  separated  by  sulphuretted 
Mrogen.  The  precipitate  is,  according  to  H.  Rose,  d  mixture  of  1  eq. 
Beleniiim  with  2  eq.  sulphur.  If  it  is  dried  at  or  a  little  below  100**, 
the  weight  of  the  selenium  may  be  accurately  ascertained.  Should,  how- 
^^er,  extra  sulphur  be  mixed  with  the  piecipitate,  the  latter  is  oxidized 
^uile  still  moist  with  hydrochloric  acid  and  chlorate  of  potassa,  or  by 
^tment  with  potassa  solution  with  simultaneous  heating  and  trans- 
•^^on  of  chlorine.  It  is  necessaiy  here  to  oxidize  the  sulphur  com- 
pletely, as  it  may  inclose  selenium.  The  solution  now  containing  selenic 
^^  is  heated  until  it  smells  no  longer  of  chlorine,  hydrochloric  acid  is 
Wded,  and  the  mixture  is  reheated.  The  selenic  acid  is  hereby  reduced 
^  selenious  acid,  and  when  the  solution  has  again  ceased  to  smell  of 
'Worine,  the  selenium  is  precipitated  with  sulphurous  acid. 

^'  In  many  selenites  or  selenates  the  selenium  may  also  be  determined, 
2  converting  first  into  selenocyanide  of  potassium,  and  precipitating 
*^^  aqueous  solution  of  the  latter  with  hydrochloric  acid  (Oppenheim  f ). 

*  ZeitBchrift  t  analyt  Chem.  1,  73.  f  Jo^^^  ^-  P'^*.  Chem.  71,  280. 
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To  thin  end  the  substance  ls  mixed  with  7  or  8  times  its  quantity  of  ordi' 
uary  cyuiiido  of  poUi^Hium  (containing  cyanic  acid),  the  mixture  is  jiot 
into  a  long-necked  flask,  or  a  poi-ceUun  crucible,  covered  with  a  layer <^ 
cyanide  of  potassium,  and  fused  in  a  stream  of  hydrogen.  Tlie  tem[)en- 
ti.ue  is  kept  so  low  that  the  glass  or  porcelain  is  not  attacked,  andirLile 
cooling  care  must  be  taken  to  exclude  atmospheric  air.  When  cold^tk 
brown  mass  is  treated  with  water,  and  the  colorless  solution  filtereil,  if 
nocessury.  The  liquid  should  be  somewhat  but  not  immoderately  dilmnL 
Now  boil  some  time  (in  order  to  conveiii  the  small  quantity  of  selenide 
of  potassium  that  may  be  present  into  selcnocyanide  of  potassium  by  tbe 
exoL'ss  of  cyanide  of  potassium),  allow  to  cool,  supersatiutite  with  hydro- 
chloric acid,  and  heat  again  for  some  time.  At  the  end  of  12  or  24 
hours  all  selenium  will  have  separated,  filter,  dry  at  100^,  and  wei^ 
Tlu;  njsults  obtained  by  this  process  are  accuiute  (H.  Hose  *). 

If  the  selenium  agglomei*ates  together  on  heating,  it  may  inclose  salt& 
In  sucli  cases,  by  way  of  control,  it  should  be  redissolved  in  nitric  vH 
and,  after  addition  of  hydrochloric  acid,  precipitated  with  sulphurous  acii 
Tlie  fluid  filtered  off  from  the  selenious  precipitate  is,  as  a  rule,  freefron 
sekMiium  ;  it  is,  however,  always  well  to  satisfy  one^s  self  on  this  poiBt 
by  the  addition  of  sulphurous  acid. 

(L  From  many  bases  the  selenious  acid  (and  also  the  selenic  acic])iBij 
be  sei»Hrated  by  fusing  the  compound  with  2  pai'ts  of  carbonate  of  sodi 
and  1  ])art  of  nitrat<3  of  potussa,  extracting  the  fused  mass  thorougUf 
by  boiling  with  water,  saturating  the  filtrate,  if  necessary,  with  carbonic 
acid,  to  free  it  from  lead  which  it  might  contain,  then  boiling  down  viti 
hydrochloric  acid  in  excess  (to  reduce  the  selenic  acid  and  drive  of 
the  nitric  acid),  and  ])recipit4iting  finally  with  sulphurous  acid. 

St>l(;nium,  if  pure,  must  volatilize  without  residue  when  heated  in  i 
tube. 

2.  Sulphurous  A(^id. 

To  estimate  free  sulphurous  acid  in  a  fluid  which  may  contain  il* 
other  acids  (sulphuric  acid,  hydrochloric  acid,  acetic  acid),  a  weig*^ 
(juantity  of  the  tluid  is  dilut+?d  with  water,  absolutely  free  from  a?.* 
until  the  diluted  liquid  contains  not  more  than  O'O;")  pcT  cent,  hyiwit 
of  sulphurous  aciil ;  some  stiirch-paste  is  now  added,  and  then  stanw 
bolution  of  io(li<h*,  until  tlie  iodide  of  starch  reaction  makes  itsapf**^ 
ance.     The  reaction,  which,  under  these  circumstances,  takes  fkix^i 
ie[)rosented  hy  the  otiuaticm 

I-f  II  0-f  S  0,=H  I-f-S  O3  (BuNSEN). 

1  equivalent  of  iodine  added  corresponds  accordingly  to  1  equivalarf" 
sulphurous  aci<l.  For  the  details  of  the  process  I  refer  to  §  I^  ^ 
the  eas(;  of  sulphites  soluble  in  water  or  acids,  water  i)erfectly  frw fi* 
Rir  is  poured  over  the  substance  under  examination,  in  sufficieni^* 
tity  to  attain  the  degree  of  dilution  stated  above,  sulphiuric  othjf^m  ".V« 
chloric  acid  adiled  in  excess,  and  then  starch-paste  and  solution  of**' 
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as  above.     Tlie  greatest  care  must  be  taken  in  tlds  method,  to  oi^ 
the  purpose  of  dilution,  water  absolutely  from  air.  ■  '^^'.^i 

Sulphurous  acid  may  also  be  determined  in  the  gravimetric ^/»"B^'  Hj 

•  Zeitschrift  f.  anulyt.  Chem.  1,  7IJ.  ^       .^, 

+  Prepared  by  loug-contiuued  boiling  and  subsequent  cooling  witk**'^| 
of  air. 
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conversion  into  sulplmric  acid,  and  precipitation  of  the  latter  with 
baryta,  according  to  the  directions  of  §  132.  This  method  is  especially 
applicable  in  the  case  of  sulphites  quite  free  from  sulphuric  acid.  The 
conversion  of  the  sulphurous  into  sulphuric  acid  is  efl'ected  in  the  wet 
way  best  by  saturating  the  fluid  with  chlorine,  and  warming ;  in  the  dry 
way,  by  heating  the  salt,  in  a  platinum  crucible,  with  4  parts  of  a  mix- 
ture of  equal  parts  of  carbonate  of  soda  and  niti-ate  of  potassa. 

3.  Hyposulphurous  Acid. 

Hyposulphurous  acid,  in  form  of  soluble  hyposulphites,  may  be  deter- 
mined by  means  of  iodine,  in  a  similar  way  to  sulphurous  acid.  The 
reaction  is  represented  by  the  equation 

2  (Na  0,Sa  O,)  4-  I=NaO,  S,05+ Nal. 

The  salt  under  examination  is  dissolved  in  a  large  amount  of  water, 
atai'ch-paste  added,  and  then  solution  of  iodine  until  the  blue  color 
makes  its  appearance.  That  this  method  can  give  correct  results  only 
in  cases  where  no  other  substances  acting  upon  iodine  are  present, 
need  hai*dly  be  mentioned.  In  the  case  of  dilute  fluids  the  results  do  not 
vary,  if  the  fluid  is  acidified  before  adding  the  solution  of  iodine,  and 
the  operation  proceeded  with  so  quickly  that  no  time  is  left  for  the  free 
hyposulphurous  acid  to  decompose  into  sulphur  and  sulphurous  acid 
(Fr.  Mohr  *).  Hyposulphurous  may  be  converted  into  sulphuric  acid 
and  then  determined  :  the  process  is  the  same  as  for  sulphurous  acid. 

4.  Iodic  Acid. 

Iodic  acid  may  be  determined  by  the  following  easy  method : — distil 
the  acid,  in  the  free  state  or  in  combination  with  a  base,  with  an  excess  of 
pure  fuming  hydrochloric  acid,  in  the  apparatus  described  in  §  1 30,  c?,  3 
(chromic  acid),  receive  the  disengaged  chlorine  in  solution  of  iodide  of 
potassium,  and  determine  the  separated  iodine  as  directed  in  §  130,  d^  |3. 
As  1  eq.  iodic  acid  sets  free  4  eq.  chlorine,  and  consequently  4  eq.  iodine, 
you  have  to  reckon  167  of  iodic  acid  for  508  of  iodine.  The  decompo- 
sition of  iodic  acid  by  hydrochloric  acid  is  represented  by  the  equation 
I  O5  -f  5  H  CI  =  ICl-f  5  H  O  4-  4  01  (Bunsen  \). 

5.  Nitrous  Acid. 

Nitrous  acid  may  be  deterriiined  very  satisfactorily  with  a  solution  of 

pure  permanganate  of  potassa,  provided  the  fluid  be  sufficiently  diluted  to 

prevent  the  nitrous  acid,  which  is  liberated  by  the  addition  of  a  stronger 

acid,  being  decomposed  hy  water  with  formation  of  nitric  acid  and  nitric 

oxide.     For  1  part  of  anhydrous  nitrous  acid,  at  least  5000  parts  of  water 

j;      should  be  present.     The  decomposition  is  represented  by  the  following 

•^     equation :— 5  NO3  +  2  Mn^  O7  =  5  N  O5  -f  4  Mn  O.    If  the  permanganate 

IC    ^  standardized  with  iron  dissolved  to  protoxide,  4  eq.  iron  correspond  to 

j|    1  ©q.  NO3,  since  both  of  these  require  2  eq.  oxygen.     Nitrites  are  dis- 

. L   solved  in  very  dightly  acidulated  water,  the  permanganate  is  added  till  the 

^  oxidation  of  the  nitrous  acid  is  nearly  completed,  the  solution  is  then  made 

.4    ■Wrongly  acid,  and  finally  permanganate  is  added  to  light-red  coloration. 

'*       To  determine  hyponitric  acid  in  red  fuming  nitric  acid,  transfer  a  few  c.  c. 

p-  to  about  500  c.  c.  cold  pure  distilled  water  with  stirring,  and  determine  the 

^  *  Lehrbuch  der  Titrirmethode,  Nachtrage,  S.  884. 

f  Annal  d.  Ghem.  u.  Pharm.  86,  285. 
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nitrous  add  produced.  1  eq.  nitrous  acid  found  correflponds  to  2  eq.  hjj» 
nitric  aoiil,  for  the  latter — when  mixed  with  such  a  large  quantity  of  watci 
HH  is  indicated  above — is  docoiii])osed  in  accordance  with  the  foUowiiig 
equation  :—2  N  O^  -f  2  H  O  =  HO,  NO5  4-  HO^NOa  (Sig.  Feldhaus*). 
As  regards  tlie  estimation  of  nitrous  acid  with  binoxide  of  lead,  coup. 
op.  cU.  p.  431 ;  also  Lang's  observations,  id^n^  p.  484. 

Second  Division  of  the  J^rat  Group  of  the  Acids, 
Sulphuric  Acid;   (Hjdrofluosilicic  Add). 

§  132. 
Sulphuric  Acid. 
I.  Determination. 

Sulphuric  acid  is  usually  determined  in  the  graTimetric  waj  as  ndjAak 
of  hanjUi,  The  acid  may,  however,  be  estimated  also  by  certain  voln- 
motric  methods,  based  upon  the  insolubility  of  this  salt  (and  the  solphati 
of  lead). 

1.    Gravimetric  Method, 

Add  to  the  sufficiently  dilute  solution,  if  necessary,  some  hydrocfaloria 
arid  to  acid  reaction,  h(;at  to  near  ebullition,  add  chloride  of  barium  m 
Hlight  excoHK,  and  proceed  as  directed  §  101,  l,a.     The  washing  is  alwan 
best  etioctcd  by  decantation  first.     Should  the  analyzed  aolution  contam 
nitric  acid,  some  nitrate  of  baryta  is  likely  to  precipitate  in  conjuDction 
with  the  sulphate ;  the  removal  of  this  admixture  of  nitrate  of  banti 
from  the  precipitate  requires  protracted  washing  with  hot  water.    It  is, 
under  all  circumstanci?s,  necessary  to  continue  the  washing  of  the  pre- 
cipitate until  tlie  liLst  wji«hiugs  remain  perfectly  clear  upon  testing  iritl 
sulphuric  acid.     In  cases  where  perfect  accuracy  is  desirable  I  would  iv* 
cuuiincnd  the  following  [>roceeding.     After  igidtiug  the  precipitate acconi' 
iiig  to  the  directions  of  §  r)3,  and  w(;ighing,  moisten  it  with  a  few  droji 
of  livilrochloiic  acid,  add  hot  water,  stir  with  a  very  thin  glass  rod  orwiti 
a  platinum  wire,  rinse  the  rod  or  wire,  and  warm  gently  for  some  time. 
I'our  tho  almost  clear  tluid  on  to  a  small  filter,  and  test  the  filtraU* iriti 
Kiilpliuric  acid.     If  this  produces  turbidity  or  a  pivcipitate,  which  !?> 
siirn  that  the;  sulpliat4>  contains  an  a<1  mixture  of  another  baryta  salt,  v^ 
tlu^  n  sidnc  again  with  hot  water,  until  the  washings  ai-e  no  longer  nfl- 
(IchmI  turbid  by  sulphuric  acid.     Dry  now  the  precipitate  in  the  cniciWfi 
together  with  the  small  filter,  burn  the  latter  on  the  lid,  heat  to  rwiw^ 
and  weigh.     If  the  suii)huric  aciil  has  been  pi-ecipitated  from  a  soluti(« 
Containing  nnich  nitric  acid  or  much  alkaline  salt,  the   testing  of  il* 
ignited  [irecipitate  is  not  mei-ely  to  be  recommended,  but  it  isabsoloKlT 
nt'cessarv,  since  in  such  crises  it  is  bv  no  means  unlikely  that  thesnlpi***   ■( 
(»f  baryta  will  contain  I  percent,  or  more  of  nitrate  of  barj'ta  or»Ik*nK   B^' 
salt.     The  results  are  not  alwavs  so  exact  as  used  to  be  believed.  1» 
jueeipitated  in  very  acid  solutions  a  little  of  the  sulphate  of  baryta  reiM*  Jj ' 
dissolved.     If  pivcipitated  in  very  saline  solutions,  on  the  other hiwl,"'' 
results  are  genendly  too  high,  since  it  is  difficult  in  this  case  to  obUis* 
pure  jirecipitate.  ■•>_- 

The  sulphate  of  baryta  has  a  great  t<?ndency  to  carry  salts  (eqiecUv   WX: 

*  Zcitschrift  f.  aiialyt  Chem.  1,  426.  I  lit 
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:.rate8  and  chlorides)  down  with  it,  which  cannot  he  removed  at  all  by 
ishing,  and  are  removed  but  imperfectly  often  when  the  ignited  precipi- 
ce is  treated  with  hydrochloric  acid  and  water.*  Fr.  Stolba  f  recom- 
snds  treatment  with  a  solution  of  acetate  of  copper  for  the  purification  of 
pure  sulphate  of  baryta,  and  demonstrates  the  accuracy  of  his  process 
numerous  analyses,  which  were  performed  purposely  under  disadvan- 
jeous  circumstances,  i.c,  in  the  presence  of  much  alkali-  and  baryta- 
t.  The  solution  of  acetate  of  copper  is  prepared  from  the  crystallized 
t  of  the  shops ;  if  it  contains  no  sulphuric  acid,  add  2  drops  of  the 
ute  acid.  Dissolve  it  with  addition  of  a  little  acetic  acid  in  hot  water, 
i  a  few  drops  of  solution  of  chloride  of  barium,  enough  to  give  a  slight 
cyta  reaction,  boil  a  short  time  and  filter.  The  solution  on  cooling  de- 
sits  crystals ;  the  supernatant  cold  saturated  solution  is  employed.  The 
all  addition  of  chloride  of  barium  to  the  solution  of  copper  containing 
ittle  sulphuric  acid,  is  for  the  purpose  of  incapacitating  the  fluid  fbr 
dng  up  any  sulphate  of  baryta,  by  saturating  it,  so  to  speak,  with  that 
>stance. 

After  the  precipitation  of  the  sulphuric  acid  has  been  effected  in  the 
lal  manner  in  the  fluid  acidified  with  hydrochloric  acid  and  theprecipi- 
e  has  been  washed  by  decantation  combined  with  filtration,  till  the 
rate  ceases  to  give  a  reaction  for  baryta  and  chlorine  (at  least  for  baryta), 
M  the  precipitate  still  in  the  beaker  with  40  or  50  c.  c.  of  the  copper 
ution,  add  some  water  and  acetic  acid,  and  digest  at  a  temperature  near 
J  boiling  point  for  10  or  15  minutes,  with  constant  agitation.  The 
>tic  acid  added  should  be  sufficient  to  prevent  the  precipitation  of  basic 
t  during  this  operation.  If,  notwithstanding  the  precaution  taken,  basic 
t  is  precipitated,  it  must  be  redissolved  by  addition  of  acetic  acid  (not 
drochloric  acid).  After  the  precipitate  has  been  filtered  ott'  and  washed 
th  hot  water,  drop  a  few  drops  of  hydrochloric  acid  on  it,  continue 
ishing,  lastly  dry,  ignite,  and  weigh. 

[Sulphate  of  baryta  may  be  purified,  when  its  bulk  is  not  too  large,  by 
Bsolving  in  the  crucible,  after  ignition,  in  pure  concentrated  and  hot 
Iphuric  acid.  On  diluting  copiously  with  water,  the  sulphate  sepa- 
tes  and  may  be  washed  with  hot  water.J] 

2.   Volumetric  Methods, 

a.  After  Carl  Mohr.§  Make  a  standard  solution  by  dissolving  1  eq. 
.«.,  121*96  grm.)  pure  cystallized  chloride  of  barium  (Ba  CI  -f  2  aq^) 
1  Utre.  Add  to  the  fluid  to  be  examined  for  sulphuric  acid — which, 
ould  it  contain  much  free  acid,  is  previously  to  be  nearly  neutralized 
.tL  pure  carbonate  of  soda — a  measured  quantity  of  fliis  solution,  best 
pound  number  of  cubic  centimetres,  in  more  than  sufficient  proportion 
precipitate  the  sulphuric  acid,  but  not  in  too  great  excess.  Digest  the 
-acture  for  some  time  in  a  warm  place,  then  precipitate,  without  previous 
^ration,  the  excess  of  chloride  of  barium  with  carbonate  of  ammonia 
'^  a  little  caustic  ammonia,  filter  off  the  precipitate  consisting  of 
P^ate  and  carbonate  of  baryta,  wash  until  the  water  running  off  acts 
*onger  upon  sensitive  red  litmus  paper,  and  then  determine  the  carbo* 

Comp.  Zeitechrift  f.  analyt.  Chem.  1,  80. 

iMng.  polyt.  Joum.  168,  43 ;   Zeitechrift  f.  analyt.  Chem.  2,  890. 

l^he  Bd.  cannot  name  the  originator  of  this  metiiod,  having  mislaid  his  lefo 

Axmal.  d.  Chem.  a.  Fhaim.  90, 165. 
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niite  of  baryta  in  tlie  precipitate  by  tho  alkalimetric  method  given  b 
§  21U.  By  deducting  the  quantity  of  batyiA  found  in  the  Btate  of  urlu- 
nitr«  fruiii  tliiit  corr(!)i]>ou(liiig  to  the  chloiide  of  liaiiuin  added,  you  fini 
tlie  iiiiiuunt  i>f  baryta  equivuleut  to  thn  Hulpburic  acid  present.  SuppM 
you  have  uddt^d  to  tlie  fluid  under  examination — 

10  c.  c  of  chloride  of  barium  sclutioa  ^  0'765  Ba  O^ 
and  found,  at  the  end  of  the  proceaa, 

0-300  of  carbonate  of  *«ryt«  =  0-233       " 


the  remainder,  0*532  Ba  0, 

will  give  you  the  quantity  of  the  8ulphi.rlc  acid  by  means  ot  tiajn- 
portion ; 

7e-5:40::0-532:i;  jr=0-278  (SO,). 
This  calculation  may  be  considerably  simplified,  by  estimating  tliear 
bonate  of  buiyta,  as  stated  iu  §  210,  by  meana  of  a  □orwal  Boludoni/ 
nitric  acid ;  of  which  it  consequently  takes  a  volume  equal  to  that  of  lb 
chloride  of  bai'ium  solution  to  neutralize  the  carbomite  of  baryta  pm^- 
tattid  fromtlielatter,  if  no  sulphuric  acid  is  present;  if,  on  the  otherliiBi^ 
tLutitcid  ispreHen(,[essof  the  nitric  acid  solution  is  required,  the  difierrBct 
expressing  the  quantity  of  sulphuric  acid.  In  the  abore  example  it  task 
3'(>4  c.  c.  to  ueutralize  the  curhouate  of  baryta  formed;  deducting tkN 
from  the  10  c.  c.  used,  we  huve  left  G'OIj  c.  c. 

1000  :  60C  : :  40  :  a:;  a!=0-378  (S  O,). 
The  results  of  tlus  method  are  quite  satisfactory,  if  the  Bolutiui  dM 
not  cont-iiin  too  much  free  acid;  but  in  presence  of  a  lai^excMrf 
free  acid,  tliii  action  of  the  salt  of  ammonia  will  retain  csrboiuif  i' 
baryta  in  sohitiun,  wliich,  of  courxv,  will  make  the  amount  of  sul|ilii 
acid  apjiear  higher  thai)  in  really  the  case.  Tliat  this  method  is  i 
gethcr  inaj>plirMble  in  ]>rescBce  of  phosphoric  acid,  uxaliu  acid,  Mi 
other  acid  pi-ecipitating  baryta  salt  from  neutiul  solutions,  need  hudlfU 
mentioned. 

b.  After  11.  Wii.DESSTEiN  (second  process*).  Oftl 
the  melhiids  for  the  volumetric  cstinxation  of  Eulphvit 
add,  the  simplest,  and  tliat  which  is  capable  of  the  " 
general  application,  is  to  di-op  into  the  sohition 
l-J  tainingexccHS  of  hydrochloric  acid,  standard  chlontki^ 
barium  solution,  till  the  exact  point  is  reached  *ki 
no  more  precipitation  takes  place.  This  point  iidifi' 
cult  to  hi^  and  hence  the  method  has  only  found  •«? 
limited  use. 

WiLDENsTEis  hss  given  this  method  a  praetini  ^ 
which  nmdei's  it  possible  to  completeananalysisiii*!''* 
half  an  hour,  and  at  the  same  time  to  obtain  sstisftrto; 
results.     Hi.'  i;niptoys  the  ap]>amtuH,  fig.  68. 
Fig.  68.         bottle  of  white  glass  whose  bottom  has  been 

it  contains  900 — 950  c.  c.     ^  is  a  strong  fiinDdl^ 
with   bell-shaped  funnel,  and  bent  as  shown,  pi-ovided  heb»'>|''|    ^ 
piece  of  india-rublier  tul>e,  a  screw  compresaiou-cock,  and  a  auU^l^f;,' 
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of  tubing  not  drawn  out.  'llie  length  from  c  to  c?  is  about  74-8,  from 
c?  to  «;  about  12  cm.  The  opening  of  the  funnel-tube/*,  which  may  with 
advantage  have  a  diameter  of  2*5  to  3  cm.  is  covered  as  follows  : — Tako 
a  piece  of  fine  new  woollen  stuff"  or  muslin,  free  from  sulphuric  acid, 
and  about  6  cm.  square,  lay  on  it  two  pieces  of  Swedish  paper  of  the 
same  size,  and  then  another  piece  of  stuff"  like  the  first,  now  bind  these 
all  together  over  the  opening/",  carefully  and  without  injuring  the  paper, 
by  means  of  a  strong  linen  thread  which  has  been  drawn  a  few  times 
over  wax,  and  cut  it  off"  even  all  round.  We  have  now  a  small  syphon- 
filter,  which  enables  us  to  filter  off'  a  portion  of  fluid  contained  in  A,  and 
turbid  from  sulphate  of  baryta,  clear  and  with  comparative  rapidity. 

On  gradually  adding  chloride  of  barium  to  the  dilute  acid  solution  of 
a  sulphate  a  point  occurs  which  may  be  compared  to  the  neutral  point 
in  precipitating  silver  with  chloride  of  sodium  (see  p.  211) ;  t.  e.,  there 
is  a  certain  moment,  when  a  portion  filtered  off"  will  give  a  turbidity 
both  with  sulphuric  acid  and  chloride  of  barium  after  the  lapse  of  a  few 
minutes.  On  this  account  we  must  either  proceed  on  the  principle 
recommended  for  the  estimation  of  silvei ,  i.  e.,  disregarding  the  quantity 
of  chloride  of  barium  in  the  solution,  to  standardize  it  by  adding  it  to 
a  known  amount  of  a  sulphate,  till  a  precipitate  ceases  to  be  formed  ;  or 
else  we  must — and  Wildenstein  recommends  this  latter  course — con- 
sider as  the  end-point  of  the  reaction  the  point  at  which  chloride  of 
barium  ceases  to  produce  a  distinctly  visible  precipitation  in  the  clear 
filtrate  after  a  lapse  of  two  minutes. 

The  chloride  of  barium  solution  is  prepared  by  dissolving  61  grm.  Ba  01 
-f-  2  aq.  in  a  litre  of  water  ;  1  c.  c.  corresponds  to  '02  sulphunc  acid. 

First   prepare   the   solution  of  the  sulphate  to  be  analyzed  (using 
about  3  or  4  grm.),  then  fill  A  with  wann  water,  open  the  cock  with 
the  screw  or  by  the  aid  of  a  glass  rod,  and  wait  till  the  syphon  J3  js 
quite  full  of  water.  '  If  the  water  runs  down  the  tube  c  e  without  filling 
it  entirely,  close  and  open  the  cock  a  few  times,  and  this  inconvenience 
will  be  removed.     (It  is  not  allowable  to  suck  at  c,  or  to  fill  the  syphon 
with  the  wash-bottle  at  c,  as  either  proceeding  would  inevitably  lead  to 
injuring  the  filter.)     Now  close  the  cock  and  pour  out  the  warm  water, 
replace  it  by  400  c.  c.  of  boiling  water,  add  the  ready-prepared  solution 
of  the  sulphate,  and  a  suitable  quantity  of  hydrochloric  acid,  if  necessary, 
and  run  in  the  chloiide  of  barium  solution,  at  first  in  rather  large  por- 
tions, at  last  in  -|^  c.  c.    Before  each  fresh  addition  of  chloride  of  barium 
open  the  cock  and  allow  i-ather  more  liquid  to  flow  into  a  beaker  than 
oorresponds  to  the  contents  of  the  syphon.    This  quantity  should  be  pre- 
"nously  ascertained,  and  a  mark  indicating  it  made  on  the  beaker.   Now 
dose  the  cock  and  pour  the  filtrate  without  loss  back  into  A,     (As  the 
beaker  is  used  over  and  over  again  for  the  same  purpose  it  need  not  bo 
rinsed  out.)     Now  run  some  of  the  fluid  into  a  test  tube,  so  as  to  one- 
third  fill  it,  add  to  the  clear  fluid  2  drops  of  chloride  of  barium  from  the 
borette  and  shake.     If  a  precipitate  or  turbidity  is  produced  return  the 
portion  to  the  main  quantity.     The  experiment  is  finished  when  the  last 
portion  tested  shows  after  the  lapse  of  exactly  two  minutes  no  distinctly 
'^ble  turbidity.     The  drops  of  chloride  of  barium  used  for  the  last 
boating  are  of  course  not   reckoned.     The  slight  error  involved  from 
«©  fact  that  the  small  quantity  of  fluid  in  the  syphon  is  finally  unacted 
^'^  is  too  small  to  be  noticed.      During  the  experiment  the  filter  must 
i^t  he  injured  by  the  stirring.     In  case  the  point  has  been  overstepped, 
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add- 1  c.  c.  of  dilute  sulphuric  acid  (equivalenfi  to  the  chloride  of  barium) 
X)  A,  and  endeavor  to  hit  the  end-point  again.  Here  Ice.  will  have  to 
be  subtmcted  from  the  c.  c.  of  chloride  of  barium  used. 

The  results  obtained  by  Wildenstein  are  of  sufficient  accuracy  for 
technical  purposes.  Some  experiments  made  in  my  own  laboratoij 
were  also  quite  satisfactory. 

II.  Separation  of  Sulphuric  Acid  from  ths  Bases. 

a.  From  those  Bases  with  which  the  Acid  forms  Compouxds  soli> 

BLE  IN  Water  or  in  Hydrochloric  Acid. 

Precipitate  the  sulphuric  acid  as  in  I.  The  filtrate  which  contaiiu^ 
besides  the  bases  originally  combined  with  the  sulphuric  acid,  also  the 
excess  of  the  chloride  of  barium  used,  is  ti-eated  by  the  methods  given  in 
Section  Y.  to  effect  the  separation  of  the  bases  in  question  from  baryti. 

b.  From  those  Bases  with  ^tiich  the  Acid  forms  Compounds  vs- 

SOLUBLE  OR  DIFFICULTLY  SOLUBLE  IN  WaTEBOB  IN  HyDBOCHLOUC 

Acid. 

a.  From  Jiaryta^  Strontioy  and  Lime, 

Fuse  the  finely  pulverized  compound  under  examination  in  a  pla- 
tinum crucible,  with  n  parts  of  mixed  carbonates  of  soda  and  potassa.  Pot 
the  cnicible,  with  its  contents,  into  a  beaker,  or  into  a  platinum  or  po^ 
ceLiin  dish,  pour  water  over  it,  and  apply  heat  until  the  alkaline  sol- 
])iuites  and  carbonates  are  completely  dissolved ;  filter  the  hot  soIatioB 
from  the  residuary  carbtmates  of  the  earths,  wash  the  latter  thorougfalj 
with  water,  to  which  a  little  ammonia  and  carbonate  of  ammonia  fatf 
been  added,  and  dotennine  according  to  §§  101  to  103.  If  the  precipi- 
tatea  have  been  well  washed,  it  is  perfectly  admissible  to  ignite  and 
weigh  at  once.  Precipitate  the  sulphuric  acid  from  the  filtrate,  as  in  L 
Finely  pulverized  suli)liate  of  lime  and  sulphate  of  strontia  may  he  com- 
plet^'l y  (lecompos(;(l  also  by  boiling  with  a  solution  of  carbonate  of  potafr 
sa;*  the  same  process  will  answer  also  for  sulphate  of  baryta;  but  the 
operation  is  far  more  difficult,  and  complete  decomposition  is  effected 
only  by  boiling  the  precipitate,  after  decanting  the  fluid  repeateiUy  with 
an  excess  of  solution  of  car})onated  alkali  (H.  KosE  f ).  [Sulphate  of  lime 
may  be  dissolved  in  modei*ately  dilute  hydrochloric  acid,  and  the  «il- 
j)Iiuric  acid  precipitat(^d  with  chloride  of  barium.] 

3.   From.  Oxitfe  of  Jj^ad, 

The  simplest  way  of  effecting  the  decomposition  of  sulphate  of  lead 
consists  in  digesting  it,  at  the  common  temperature,  with  a  solution  of 
bicarbonate  of  soda  or  potassa,  filtering,  washing  the  precipitate,  dete^ 
mining  the  sulphuric  acid  in  the  filtnite,  as  in  I.,  dissolving  the  precipi- 
tate, which  contains  alkali,  in  nitric  acid  or  acetic  acid,  and  determin- 
ing the  lead  in  the  solution  by  one  of  the  methods  given  in  §  1(52. 

Presence  of  strontia  and  lime  necessitates  no  alteration  in  thi* 
method;  but  if  baryta  also  is  present,  and  it  is  accordingly  necessarrto 
ignite  J  th(i  niixtun^  with  carbonated  alkalies  (or  to  Iwil  repeatedly 
h'ith  fresh  j)ortions  of  solution  of  the  same),  a  small  portion  of  lead  al* 
ways  remains  in  solution  in  the  alkaline  fluid;  this  must  be  precipitalrf 
by  passing  carbonic  acid  before  filtering. 

*  Carbonate  of  soda  does  not  answer  as  well 

f  Jonm.  f.  prakt.  Chem.  04.  889.  and  05,  316. 

I  This  ignition  in  most  safely  effected  in  a  porcelain  omvibte. 
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/Supplement  to  tlve  /Second  Division. 

§  133. 

Hydbofluosilicic  Acid. 

If  you  have  hydrofluosilicic  acid  in  solution,  add  solution  of  chlorida 
of  potassium,  or  chloride  of  sodium,  then  a  volume  of  strong  alcohol 
equal  to  the  fluid  present,  collect  the  precipitated  silicofluoride  of  potas- 
sium or  sodium  on  a  weighed  filter,  and  wash  with  a  mixture  of  equal 
volumes  of  spirit  of  wine  and  water.  Dry  the  washed  precipitate  at 
100°,  and  weigh.  Mix  the  alcoholic  filtrate  with  hydrochloric  acid, 
evaporate  to  dryness,  and  treat  the  residue  with  hydrochloric  acid  and 
water.  If  this  leaves  an  undissolved  residue  of  silicic  acid,  this  is  a  sign 
that  the  examined  acid  contained  an  excess  of  silicic  acid ;  the  weight 
of  the  residue  shows  the  amount  of  the  excess. 

.  Silicofluoride  of  potassium  has  the  formula  K  Fl,  Si  Fl,,  silicofluoride 
of  sodium,  Na  Fl,  Si  FL,.  Both  compounds  are  anhydrous  at  100°. 
They  dissolve  with  difficulty  in  water,  and  are  insoluble  in  dilute  spirit 
of  wine.  The  analysis  of  silicofluorides  of  metals  is  best  effected  by  heat- 
ing in  platinum  vessels,  with  concentrated  sulphuric  acid ;  fluoride  of 
silicon  and  hydrofluoric  acid  volatilize,  the  bases  are  left  behind  in  the 
form  of  sulphates,  and  may,  in  many  cases,  after  volatilization  of  the  ex- 
cess of  sulphuric  acid,  be  weighed  as  such.  If  the  metallic  silicofluo- 
rides to  be  analyzed  contain  water,  miy  them  most  intimately  with  6 
parts  of  recently  ignited  oxide  of  lead  (H.  Rose),  cover  the  mixture,  in 
a  small  retort,  with  a  layer  of  pure  oxide  of  lead,  weigh  the  retort,  heat 
cautiously  until  the  contents  begin  to  fuse  together,  remove  the  aque- 
ous vapor  still  remaining  in  the  vessel  by  suction,  and  weigh  the  retort 
again  when  cold.  The  diminution  of  weight  shows  the  quantity  of  water 
ex{>elled.  Do  not  neglect  testing  the  drops  of  the  escaping  water  with 
litmus  paper ;  the- result  is  accurate  only  if  they  have  no  acid  reaction; 
compare  §  35,  i3. 

T^ird  Division  of  the  First  Oroup  of  the  Acids, 

Phosphobic  Acid — Boracic  Acid — Oxalic  Acid — Hydbopluorio 

Acid. 

§134. 

1.  Phosphoric  Acid. 

I.  DetebmNation. 

Tribasic  phosphoric  acid  may  be  determined  in  a  great  variety  of 
irays.     The  forms  in  which  this  determination  may  be  effected  have 
been  given  already  in  §  93,  4.    The  most  appropriate  forms  for  the  pur- 
lx>Be,  however,  are  pyrophoaph^Ue  of  magnesia  and  phosphnte  of  sesqui- 
iadde  ofwraniv/my  because  they  are  in  themselves  well  worthy  of  recom- 
mendation and  can  be  employed  in  almost  all  cases.    The  determination 
us  pyrophosphate  of  magnesia  is  frequently  preceded  by  precipitation  in 
another  way,  especially  as  phospho-molybdate  of  ammonia,  occasionally  as 
phosphate  of  binoxide  of  tin.     The  other  forms  in  whi^h  phosphoric 
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acid  may  be  determined  give  also,  in  [lart,  very  good  results,  Imt  admit 
only  of  a  more  limited  application. 

Witii  regard  to  m(;tar  and  pyro-phosphoric  acids,  T  have  simply  ti 
nMimrk  here  that  tliese  acids  cannot  be  determined  by  any  of  the 
mi-thods  given  below.  The  best  way  to  effect  their  determination  is  to 
convert  them  into  tribasic  phosplioric  acid  ;  as  follows  : — 

a.  la  the  dry  way.  By  protracted  fusion  M'ith  from  4  to  6  parts  of 
mixed  carbonates  of  soda  and  potassa.  Tliis  method  is,  however,  appli- 
ca1)le  only  in  the  case  of  meta-  and  pyro-phosphates  of  the  alkalies,  a&d 
of  those  meta-  or  pyro-phosphates  of  metallic  oxides  which  are  comjJet^lT 
d(^compos(^d  by  fusion  with  alkaline  carbonates ;  it  fails,  accordingly,  fgr 
instance,  with  the  salts  of  alkaline  earths,  magnesia  excepted. 

/).  fn  the  wet  vjny.  The  salt  is  heated  for  some  time  with  a  stroitg 
acid,  best  with  conccMitrated  sulphuric  acid  (Weber  *).  Tliis  nietLod 
l(>iuls  only  to  the  attainment  of  approximate  results,  in  the  case  of  «II 
salts  whose  bases  form  soluble  compounds  with  the  acid  added,  since  in 
these  cases  the  met^v-  or  pyro-j)hosphoric  acid  is  never  completely  liber 
atod ;  but  the  desired  r(^sult  may  be  fully  attained  by  the  use  of  any 
acid  which  forms  insoluble  compounds  with  the  bases  present.  Bes|iect- 
ing  the  partial  conversion  in  the  fonner  case,  I  have  found  that  it  ip- 
proaches  the  nearer  to  completeness  the  greater  the  quantity  of  freeftod 
added,  f  and  that  the  ebullition  must  be  long-continued  (comp.  ExpL 
No.  3<;). 

It  must  be  borne  in  mind  that  tnbasic  phosphoric  acid  changes,  sti 
tonipeniture  still  below  150°,  to  pyro-phosphoiic  acid ;  thus,  for  instance^ 
upon  evH])orating  common  phosi>hate  of  soda  with  hydrochloric  acid  ia 
excess,  and  drying  the  residue  at  150°,  we  obtain  Na  Cl+Na  O,  H  O,  PO^ 

ff,  .Dffrrnihtaf.ion  n/t  l^hosj'ihat^  of  JjetuL 

1*i'()i-(mm1  as  with  arsenic  acid,  §  lL*7,  1  (/.<?.,  evaj)orato  with  a  wt-i^bed 
quMiility  of  oxi«le  of  l-ad,  and  ignite).  Tliis  method  prt^iip{>os(*sthsitno 
otluT  acid  is  present  in  the  a<pieous  or  nitric  ncid  solution  ;  it  bos  this 
i^reat  advantage  that  it  gives  correct  results,  no  matter  whether  thepbofr 
phorie  aei<l  present  is  mono-,  bi-,  or  tribasic. 

h.    l^f'frr/nhififin)}   nn  J^yrophoaplKh't*.  of  J\faynesia. 

".  hirrrt  Jrfrrtninofio/i  (suitable  in  all  cas(?s  in  which  it  is  quite  certuB 
thai  the  acid  is  j»resent  in  the  tribasic  state,  either  free  or  combiueti  widi 
an  alkali). 

A(M  to  the  solution  a  clear  mixture  of  sul[)hate  of  magnesia,  chloridf 
of  aunin  •Ilium,  and  annnonia  (see  vj  6:^,  <>),  as  long  as  a  precipitate  continiw 
to  form  ;  shouM  the  s<)lution  not  yet  evolve  a  strong  ammoniacal  o«lor.«W 
some  more  ammonia;  let  the  mixture  stand  12 — 24hours,l^'ithoutapI^Irinf 
heat,  till?  ujlass  being  covered,  filter,  wash  the  crystalline  precipitate •I'k 
n  mixture  of  .'^  parts  of  water  and  1  part  of  solution  of  ammonia,  luitilth* 
washings,  after  the  addition  of  nitric  acid,  are  no  longer  rendered  tnrW 
bv  nitrate  of  silver,  and  i>roceerl  afterwards  exactly  as  directed  in  §  1'**?^    m^ 
The  results  are  very  a<*curate  (Exjit.  Xo.  Si)).    The  loss  sustained  frointW   ■^* 
slight  solubility  of  the  basic  phos]>hate  of  magnesia  and  ammonia  is ve(T 
ti  illing  (Ex[>t.  N^o.  'V2),  and  may  even  be  altogether  corrected  by  metsnnag  My 


» 


*  Pogg-.  Annnl.  73,  l.**7.  .       -      .j       .  j.  •  dfe   m^ 

t  There  are,  however,  other  considerations  which  forbid  going  too  nrn^ 

relict. 
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the  filtrate,  and  adding  for  every  64  c.  c.  0*001  grm.  p3riop]iosphate  of 
magnesia.  For  the  properties  of  the  precipitate  and  residue,  see  §  74, 
If  the  solution  contains  pjrophosjihoric  acid,  the  precipitate  is  flocculent, 
end  dissolves  in  ammoniated  water  (Weber). 

3.  Indirect  determination^  with  previous  precipitation  as  phospho- 
molt/bdate  of  ammonia,  Sonnenschein.*  (Applicable  in  all  cases  in  which 
the  j)lios[)horic  acid  is  present  in  the  tribasic  state,  even  in  presence  of 
alkaline  earths,  alumina,  sesquioxide  of  iron,  (kc.  Tartaric  acid,  however, 
and  similarly  acting  organic  substances  must  be  absent.) 

The  molybdenum  solutioii  described  in  the  "  Qual.  Anal.,"  p.  06,  is 
employed  as  the  precipitant.  The  fluid  to  be  examined  for  phosphonc  acid 
should  be  concentrated,  it  may  contain  free  nitric  acid  or  sulphuric  acid. 
Hydrochloric  acid  and  chlorides,  if  present,  must  be  removed  by  rei)eated 
evaporation  with  strong  nitric  acid.     Transfer  it  to  a  beaker  and  add  a 
considerable  quantity  of  the  molybdenum  solution, — about  40  [larts  molyb- 
dic  acid  must  be  added  for  every  1  part  phosphoric  acid, — stir,  without 
touching  the  sides,  and  keep  covered  12  or  24  hours  in  a  warm  place  (not 
hotter  than  40®).     Then  remove  a  portion  of  the  clear  supernatant  fluid 
■with  a  pipette,  mix  it  with  an  equal  volume  of  molybdenum  solution,  and 
allow  it  to  stand  some  time  at  40°.    If  a  further  precipitation  takes  place, 
return  the  portion  to  the  main  quantity,  add  more  molybdenum  solution, 
fdlow  to  stand  again  12  to  24  hours  and  test  again.f     When  complete  pre- 
cipitation h;is  been  effected,  transfer  the  precipitate  to  a  small  filter,  remove 
the  rest  from  the  beaker  by  means  of  portions  of  the  filtrate,  and  wash  the 
precipitate  with  a  mixture  of  1 00  parts  of  molybdenum  solution,  20  of  nitric 
acid,  sp.  gr.  1*2,  and  80  of  water,  which  should  be  dropped  on  in  small 
quantities.     Then  dissolve  the  precipitate  in  ammonia  on  the  filter,  wash 
the  latter,  neutralize  a  portion  of  the  ammonia  in  the  filtrate  with  hydro- 
chloiic  acid  (the  solution  must  of  coui*se  still  remain  strongly  ammoniacal 
and  clear),  and  precipitate  with  magnesia  mixture  (compare  a).     The 
results  are  accurate. 

As  this  method  requires  so  large  a  quantity  of  molybdic  acid,  it  is  usually 

lesorted  to  only  in  cases  where  methods  6,  a,  and  c  are  inapplicable ;  and 

ihe  amount  of  phosphoric  acid  in  the  quantity  of  substance  taken  to  operate 

iipon  is  not  allowed  to  exceed  0*  1  gnn.  Arsenic  acid  and  silicic  acid,];  if  jire- 

flent,  must  first  be  removed.  Of  all  the  methods  for  determining  phosphoric 

Mdd  in  the  presence  of  sesquioxide  of  iron  and  alumina,  this  is  the  best. 

7.  Indirect  determination,  with  previous  precipitation  as  phosplmte  of 

ibirtoxide  of  tin. 

After  GiRARD.§     Dissolve  the  substance  in  which  the  phosphoric  acid 

Joum.  f.  prakt  Chem.  53,  343. 
"t"   [If  the  molyMic  solution  contain,  as  it  should,  5  per  cent,  of  molybdic  acid, 
e  addition  of  12  c.  c.  for  every  centigramme  of  phosphoric  acid  (60  parts  of 
olybdic  to  1  part  of  phosphoric  acid)  will  insure  complete  precipitation.  ] 
"X-  Silicic  acid  may  also  be  thrown  down,  in  form  of  a  yellow  precipitate,  by  acid 
►liiition  of  molybdate  of  ammonia,  especially  in  presence  of  much  chloride  of 
*nonium  (W.  Knop,  Chem.  Centi*alb.  1857,  fiOl).  Mr.  Grundmann,  who  repeated 
op^  experiments  in  my  laboratory,  obtained  the  same  results.     The  precipitate 
Ives  in  ammonia.     If  the  solution,  after  addition  of  some  chloride  of  ammo- 
.  is  allowed  to  stand  for  some  time,  the  silicic  acid  separates,  and  the  phos- 
ric  acid  may  then  be  precipitated  from  the  filtrate  with  magnesia-mixture  ;  it 
*»^o^rever,  always  the  safer  way  to  remove  silicic  acid  first. 
>*  (This  is  a  modification  of  the  method  of  Reisaig  (Ann.  Chem.  u.  Ph.  98, 339; 
"^ded  upon  that  of  Reynoso  (Joum.  f.  prakt.  Chem.  54,  261).      The  obKorvi^ 
**8  of  Ii.ieber  (Frea.  Zeit.  iv.,  122)  have  been  regarded.] 


27S ,  ]>STBB]inrATi(ni;  [|  IH 

U  to  be  esdmated  in  highly  oonoentntted  nitrio  aeid,  mnorfe  aU  dhkri^ 
either  by  precipitation  wiUi  nitrate  of  silTer,  or  by  repeated  erqionlki 
with  nitric  acid,  add  at  least  eight  times  as  much  tinfoil  as  thm  ii  j 
phosphoric  acid  present,  and  warm  the  mixture  for  five  or  six  hon^  '■ 
until  the  precipitate  has  compleiely  subsided,  leaving  the  sapenuM 
fluid  clear.  Wash  with  hot  water  by  deoantation  8  to  10  tmnei^  nl 
finally  by  filtration. 

The  precipitate,  consisting  of  metastannic  acid  and  phosphate  of  hiiKniili 
of  tin,  together  with  a  little  phosphate  of  sesqtdoxide  of  iron  and  of  sIiudbi^ 
Lb  heated  with  sulphide  of  ammonium  in  excess,  digested  about  two  hoon^ 
and  then  filtered;  the  precipitate,  consisting  of  sulphide  of  iron  and  If 
drate  of  alumina,  is  washed  with  water  to  which  a  little  snlphidBof » 
monium  has  been  added,  dissolved  in  nitric  acid,  and  the  solution  tin 
formed  mixed  with  the  filtrate  from  the  tin  precipitate  whidi  oontni 
the  piincipal  quantity  of  the  bases.  From  the  sulphide  of  ammomia 
filtrate,  which  contains  bisulphide  of  tin  and  phosphate  of  ammoDis,Ai 
phosphoric  add  is  at  once  precipitated  by  magnesia-mixture.  I  wm.jM 
that  GiRARD  considers  4  to  5  parts  tin  sufficient  for  1  part  phonlKifli 
acid.     The  results  afibrded  by  his  test  analyses  are  unexceptumaUe. 

c  I)eUrmin(Uion  €U  PhotphaU  of  Seaquioxide  of  Urmnmm, 

After  Lecontb,  A.  AsitoT,  and  W.  Knop  *  (very  suitable  in  pM' 
ence  of  alkalies  and  alkaline  earths,  but  not  in  presence  of  any  BOttbb 
amount  of  alumina ;  in  presence  of  sesquioxide  of  iron,  ^e  metibod  m 
be  applied  only  with  certain  modifications,  see  §  135,  g^  y)»  Where  I 
is  possible,  prepare  an  acetic  acid  solution  of  the  salt,  if  yoa  hit0> 
nitric  or  hydrochloric  acid  solution,  remove  the  greater  portion  of  4i 
free  acid  by  evaporation,  add  ammonia  until  red  litmus  paper  dipped  iH' 
to  it  turns  very  distinctly  blue,  and  then  redissolve  the  precipitin 
formed  in  acetic  acid.  If  mineral  acids  were  present,  add  also  somcice' 
tate  of  ammonia.  Mix  the  fluid  now  with  solution  of  acetate  of  seaqtfr 
oxide  of  uranium,  and  heat  the  mixture  to  boiling,  which  will  cause  tko 
phosphoric  acid  to  separate,  in  form  of  yellow  phosphate  of  sesquioii^ 
of  uranium  and  ammonia. 

Wash  the  precipitate,  first  by  decantation,  boiling  up  each  time,  to 
by  filtration;  the  operation  may  be  materially  facilitated  by  addifi|f 
immediately  afler  precipitation,  as  soon  as  the  liquid  has  cooled  a  littl^ 
2  or  3  drops  of  chloroform,  and  giving  the  mixture  a  vigorous  shake,  of 
boiling  it  once  or  twice.     Dry  the  precipitate,  and  ignite  as  directed 
§  53.     It  is  advisable  to  evaporate  small  quantities  of  nitric  acid  on  ^ 
ignited  precipitate  repeatedly,  and  to  re-ignite.     The  residue  must  1»^ 
the  color  of  the  yolk  of  an  egg.     For  the  properties  of  the  precq)it«t8 
and  residue,  see  §  93,  4,  e.     Should  it  be   necessary  to  dissolve  the 
ignited  residue  again,  for  the  purpose  of  reprecipitating  it,  this  can  be 
done   only  after   fusing   it  with  a  large  excess  of  mixed  carbonat^ 
of  soda  and  potassa,  and  thereby  converting  the  pyrophosphoric  into  tr* 
basic  phosphoric  acid.     Results  accurate  ;  compare  tibe  proofs  given  ^l 
the  authors,  and  Expt.  No.  90. 

*  Leconte  was  the  first  to  recommend  the  method  of  precipitating  phosphc^ 
acid  from  acetic  ncid  solutions  by  means  of  a  salt  of  uranium  ( Jahresb.  von  l^ 
biff  nnd  Kopp,  fiir  1853,  642) ;  A.  Arendt  and  W.  Knop  have  subsequently  i^" 
Jected  it  to  a  careful  and  searching  examination  (Chem.  Centrolkd.  186i,  T 
m ;  and  1857,  177). 
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d.  DetermincUion  as  Sasic  Phoapliaie  of  Sesquioxide  of  Tron. 
a.    Proceed  exactly  as  in  the  determination  of  arsenic   acid,  by  v. 

KoBELL^s  modification  of  Berthier^s  method  (§  127,  3,  6).    The  results 
are  accurate. 

3.  Mix  the  acid  fluid  containing  the  phosphoric  acid  with  an  excess 
of  solution  of  sesquichloride  of  iron  of  known  strength,  or  with  a  weighed 
quantity  of  ammonia  ii'on-alum,  add,  if  necessaiy,  suflicient  alkali  to  neu- 
tralize the  greater  poi-tion  of  the  fi*ee  acid,  mix  with  acetate  of  soda  in 
excess,  and  boil.  If  the  quantity  of  solution  of  sesquichlonde  of  iron 
added  was  sufficient,  the  precipitate  must  be  brownish-red.  This  pre- 
cipitate consists  of  basic  phosphate  and  basic  acetate  of  scsquioxide  of 
iron,  and  contains  the  whole  of  the  phosphoric  acid  and  of  the  scsquiox- 
ide of  iron.  Filter  off  boiling,  wash  with  boiling  water  mixed  with 
Bome  acetate  of  ammonia,  dry  carefully,  and  ignite  in  a  platinum  cruci- 
ble with  access  of  air  (§  53).  Moisten  the  residue  left  upon  ignition 
with  strong  nitric  acid,  evaporate  this  at  a  gentle  heat,  and  ignite  again. 
Should  this  operation  have  increased  the  weight,  which,  however,  is  not 
usually  the  case,  it  must  be  i-epeated,  until  the  weight  remains  constant. 
J>educt  from  the  weight  of  the  residue  that  of  the  sesquioxide  of  iron 
contained  in  the  solution  added ;  the  difference  is  the  phosphoric  acid. 

7.   (J.  Weeren's  method,  suitable  for  the  estimation  of  the  phosphoric 

mcid  in  phosphates  of  the  alkalies  and  alkaline  earths.'*')     Mix  the  nitric 

mdd  solution  of  the  phosphate  under  examination,  which  must  contain  no 

Other  strong  acid,  with  a  solution  of  nitrate  of  sesquioxide  of  iron  of  known 

^reugth,  in  sufficient  proportion  to  insure  the  foi*mation  of  a  basic  salt ; 

evaporate  the  mixture  to  dryness,  heat  the  residue  to  160°,  until  no  more 

^tric  acid  fumes  esca])e,  treat  with  hot  water  until  all  nitrates  of  the  alkalies 

.   ^knd  alkaline  earths  are  removed,!  collect  the  yellow-ochreous  precipitate 

igm  a  filter,  dry,  ignite  (see  §  53),  weigh,  and  deduct  from  the  weight  the 

-'■   ^Jii&ntity  of  sesquioxide  of  iron  added. 

e.  Determination  as  Basic  Pkospliate  of  Magnesia  (3  Mg  O,  P  O5). 
(Fr.  Schulze's  method,  suitable  more  particularly  to  effect  the  sepa- 

;-'  jfwtion  of  phosphoric  acid  from  alkalies.J) 

^  Mix  the  solution  of  the  alkaline  phosphate,  which  contains  chloride  of 

jMBiioiiium,  with  a  weighed  excess  of  pure  magnesia,  evaporate  to  dryness, 
^^J^gnite  the  residue  until  the  chloride  of  ammonium  is  expelled,  and  separate 
'j^-'wb^  niagnesia,  which  is  still  present  in  form  oT  chloride  of  magnesium,  by 
^Jjipiition  with  oxide  of  mercury.  Treat  the  ignited  residue  with  water,  fil- 
^aKer  the  solution  of  the  chlorides  of  the  alkali  metals,  wash  the  precipitate, 
-  "f  Ay,  ignite,  and  weigh.  The  excess  of  weight  over  that  of  the  magnesia 
f  /■■od  shows  the  quantity  of  the  phosphoric  acid.     Results  satisfactory. 

^';     fi  Determination  by  Volumetric  Analysis, 

-.  .:  1-  With  Uranium  Solution. 

j^  ''     -"^®  employment  of  this  solution  was  recommended  twelve  years  ago  by 
^fcs^^ooxTE.  §     Neu BAUER  ||  improved  the  method  and  described  it  in  detail, 

^i  */^"^  f.  prakt  Chem.  67,  8. 

^presence  of  magnesia,  warming  with  a  Bolution  of  nitrate  of  ammor  ia  is 

f«Jbam.   f.  prakt.  Chem.  63,  440. 
;™?»ber.  von  Liebig  u.  Kopp,  f  iir  ia53,  642. 
-      -vxsluir  f ijj  wiMenschafUiche  Heilkunde,  iv.  228. 
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and  afterwards  it  was  recommended  again  by  PiNCUS,*  and  sabseqiieiii 
by  BoDEKEK.f  The  principle  of  the  method  is  as  follows:  acetate  of  k 
quioxide  of  uranium  precipitates  from  solutions  rendered  acid  by  aoet 
acid,  phosphate  of  sesquioxide  of  uranium,  or — ^in  the  presence  of  oonsiden 
ble  (juantities  of  ammoniacal  salts — {)hosphate  of  sesquioxide  of  uranioi 
and  ammonia.  The  propoi*tion  between  the  uranium  and  the  phospbozi 
acid  is  the  same  in  both  compounds.  Both  compounds  when  freshljpn 
cipitated  and  suspended  in  water  are  left  unchanged  by  ferrocyanide  d 
potassium ;  acetate  of  sesquioxide  of  uranium,  on  the  other  hand,  is  iodiei 
ted  by  this  reagent  with  great  delicacy,  insoluble  reddish-brown  ferrwTi 
nide  of  uranium  being  precipitated. 

According  to  Neubauer  |  the  following  solutions  are  employed  :— 

a,  A  Solution  of  Phosplwin^  Acid  of  known   strength. 

Prepared  by  dissolving  10*085  grm.  pure,  crystallized,  uneffloresoed 
powdered,  and  pressed  phosphate  of  soda  in  water  to  1  Htre.  50  c  c 
contain  O'l  grm.  PO^. 

h.  An  Add  Solution  of  Acetate  of  Soda. 

Prepared  by  dissolving  100  grm.  acetate  of  soda  in  900  water,  and 
adding  ordinary  acetic  acid  to  1  liti*e. 

c.  A  Solution  of  AcetMe  of  Sesquioxide  of  ZTranium  (§  63,  3)  in  mkt 

Tliis  is  standardized  by  means  of  the  phosphate  of  soda  solution.    1  ftc 

wi'licates  '005  grm.  P  O^.     The  solution  is  made  at  first  a  little  stronga 

than  necessary,  so  that  it  may  contain  in  the  litre  say  22  grm.  Ur,Q 

(coiTesponding  to  35*5  grm.  Urg  O3,  A  +  2  aq.  or  34  grm.  Urj  03,A+2 
aq.),  its  value  is  determined,  and  it  is  diluted  accordingly.  To  determiiM 
its  value  proceed  as  follows :  transfer  50  c.  c.  of  the  a  solution  to  a  beaker 
add  5  c.  c.  of  the  h  solution,  and  heat  in  a  water-bath  to  90 — 100°.  No» 
run  in  ui*anium  solution,  at  first  a  large  quantity,  at  last  in  ^  c.  c,  testing 
after  each  addition  whether  the  precipitation  is  finished  or  not.  Forthii 
purpose  spread  out  one  or  two  drops  of  the  mixture  on  a  white  porcelaii 
surface  and  introduce  into  the  middle,  by  means  of  a  thin  glassi*od,J 
small  drop  of  ferrocyanide  of  pottissium  solution.  As  soon  as  a  trace  of 
excess  of  acetate  of  uranium  is  present,  a  reddish-brown  spot  forms  ii 
the  drop,  which,  surrounded  as  it  is  by  the  colorless  or  almost  colorles 
fluid,  may  be  very  distinctly  perceived.  When  the  final  reaction  has  jiis^ 
ai)pearo(l,  heat  a  few  minutes  in  the  water-bath  and  repeat  the  testinj 
on  the  porcelain.  If  now  the  reaction  is  still  plain  the  experiments 
concluded.  If  the  uranium  solution  had  been  exactly  of  the  requirec 
strength,  20  c.  c.  would  have  been  used ;  but  it  is  actually  too  conceit 
trated,  hence  less  than  20  c.  c.  must  have  been  used.  Suppose  it  was  1^ 
c.  c,  then  the  solution  will  be  right,  if  for  every  18  c.  c.  we  add  2  c.  c 
of  water.  If  in  tliis  liisb  experiment  we  find  that  the  solution  is  mudi 
too  strong,  the  solution  is  diluted  with  somewhat  less  water  tban  is 
proi)orly  speaking  required,  another  experiment  is  made,  and  it  is  then 
diluted  exactly. 

Tlio  actual  analysis  must  be  made  under  as  nearly  as  possible  simil*' 
circumstances  to  those  und^'r  which  the  standardizing  of  the  uranium  solu 
tion  was  performed,  especially  as  regards  the  acetate  of  soda.  Tliij»s»l» 
retards  the  precipitation  of  uranium  l)v  ferrocyanide  of  potassium,  h^"* 

♦  Journ.  f.  prakt.  Chem.  70.  104.       f  Annal.  d.  Chem.  u.  Pharm.  117,  IW- 

\  Auloituag  zur  Haruiinal^  se,  4  Aull.  S.  148. 
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test  drop  on  tlie  porcelain  plate  becomes  darker  and  darker.  The 
lyst  should  accustom  himself  to  observing  the  first  appearance  of  the 
hte.st  brownish  coloration  in  the  middle  of  the  drop,  and  should  take 
;  as  the  end-reaction.  It  need  hardly  be  added  that  the  same  person 
it  make  the  analysis  who  has  standardized  the  solution  (Neubauer). 
'he  method  is  applicable  to  solutions  of  free  phosphoric  acid,  and  to 
dine  and  alkaline  earthy  phosphates,  but  cannot  be  employed  it 
sence  of  sesquioxide  of  iron  and  alumina.  Dissolve  the  substance  ir 
er  or  the  least  possible  quantity  of  acetic  acid,  add  5  c.  c.  of  b  solution^ 
ite  to  50  c.  c,  proceed  with  the  addition  of  uranium  as  above,  and 
nt  '005  grm.  P  O5  for  every  c.  c.  used.     The  results  ai-e  satisfactory. 

II    Separation  op  Phosphoric  Acid  prom  the  Bases. 

§  135. 

I.  From  the  Alkalies  (see  also  tf,  A,  k), 

I.  Add  chloride  of  ammonium,  then  acetate  of  lead,  exactly,  till  no 
re  precipitate  is  produced,  filter  off  the  precipitate  consisting  of  phos- 
ite  and  cJiloiide  of  lead,  wash,  precipitate  from  the  filtrate  the  slight 
ess  of  lead  by  sulphuretted  hydrogen,  filter  and  evaporate  with  hy- 
cJhloric  acid  (except  in  the  case  of  lithia,  when  sulphuric  acid  is  sub- 
uted  for  the  hydrochloric  acid).  If  the  phosphoric  acid  is  to  be 
mated  in  the  same  portion,  proceed  with  the  first  precipitate  (after 
^ung  to  remove  the  larger  quantity  of 'chloride),  according  to  h, 

(Only  applicable  in  the  case  of  fixed  alkalies.)  Separate  the  phos- 
^c  acid  as  phosphate  of  sesquioxide  of  iron,  according  to  one  of  the 
^ods  given  §  134,  (f,  or  as  basic  phosphate  of  magnesia,  according  to 
^9  e.  The  alkalies  are  contained  in  the  filtrate  as  nitrates  or  metal- 
Worides. 


rom  Sarytay  Strontia,  Zdme,  a/nd  Oxide  of  JLead, 
^®  compound  under  examination  is  dissolved  in  hydrochloric  or 
^  Acid,  and  the  solution  precipitated  with  sulphuric  acid  in  slight 
'S-  In  the  sepai'ation  of  phosphoric  acid  from  strontia,  lime,  and 
\  of  lead,  alcohol  is  added  with  the  sulphuric  acid.  The  phosphoric 
^^  the  filtrate  is  determined  according  to  §  134,  6,  a  (after  removal 
^^  alcohol  by  evaporation).  The  determination  of  the  phosphoric 
^^  eftected  most  accurately  by  saturating  the  fluid  with  carbonate 
*^  evaporating  to  dryness,  and  fusing  the  residue  with  the  carbonates 
^^  and  potassa.  The  fused  mass  is  then  dissolved  in  water,  and  the 
^t*  process  conducted  as  in  §  134,  6,  a. 

-^roin  Magnesia  (see  also  (f,  A,  U), 

^    phosphoric  acid  is  separated  as  in  §  134,  cf,  a;  and  the  magnesia 

^^i^rta  in  the  filtrate  are  separated  in  the  manner  described  §  154. 

^rom  the  whole  of  the  Alkaline  Earths  amd  fixed  Alkalies  (comp. 

ft 

^I)issolve  in  the  least  possible  quantity  of  nitric  acid,  add  a  little 
"^^e  of  ammonium,  precipitate  exactly  with  basic  acetate  of  lead,  pre- 
^te  the  excess  of  lead  rapidly  from  the  filtrate  by  means  of  a  little 
^^ lotted  hydrogen,  filter  and  determine  the  bases  in  the  filtiate. 
'It©  goc»d. 
t^issolve  in  water,  and — ^in  the  case  of  alkaline  earthy  pho.<;phatea 
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— the  least  possible  nitric  acid,  add  neutral  nitrate  of  silver  and  tin 
carbonate  of  silver,  till  the  Huid  reacts  neutral.  All  phosphoric  ic 
now  separates  as  3  Ag  O,  P  O3.  Wanning  is  unnecessary.  Filter,  m 
the  precipitate,  dissolve  it  in  dilute  nitric  acid,  precipitate  the  siiv 
M-ith  hydrochloric  acid,  and  determine  the  phosphoric  acid  in  the  filtn 
according  to  §  134  6,  a.  The  filti-ate  from  the  phosphate  of  silyer 
freed  from  silver  by  hydrochloric  acid,  and  the  bases  ai*e  then  dete 
minod  according  to  the  methods  already  given  (G.  Chancel*).  . 
good  and  convenient  method.  (If  the  substance  contains  alumiiui  ( 
sesquioxide  of  iron,  these  bases  are  completely  precipitated  by  theoi 
boniite  of  silver,  and  are  found  mixed  with  the  phosphate  of  silver.) 

y.  Separate  tlio  ])hosphoiic  acid  as  phosphate,  of  sesquioxide  of  umuia 
(§  131,  c),  and  the  excess  of  sesquioxide  of  uranium  from  the  aUoIioi 
earths,  iSrc,  in  the  filtrate,  according  to  §  161,  Supplement.    Besnlts^ood 

rt.  S(^parate  the  phosphoric  acid  according  to  §  134,  rf,  /3  or  7.  Tb 
alkaline  earths  are  obtained  in  solution,  in  the  first  case,  as  metilfr 
chlorides  together  witii  alkaline  acetate  and  alkaline  metallic  chionfe; 
in  the  second  case  as  nitrates.     Kesults  good. 

e,  From  Alumina  (see  also  h  and  Jc), 

a.  (OrTO  and  Fresexius,  applicable  in  presence  of  sesquioxide  if 
iron.)  Dissolve  in  hydrochloric  or  nitric  acid,  dilute  a  little,  addtlo^ 
eral^le  ({nantity  of  tartaric  licid,  and  then  ammonia  in  excess.  Iff* 
have  added  sufficient  tartaric  acid,  the  fluid  must  now  appear  doK 
Add  magnesia-mixture  in  slight  excess,  and  allow  to  stand  at  restforii 
houi-s  in  a  covered  vessel  without  warming,  then  filter,  and  ir«sli  lfc» 
preei}»itate  with  dilute  solution  of  ammonia;  to  free  it  completely fi^ 
ahunina,  sesquioxide  of  iron,  and  basic  tartrate  of  magnesia,  Pttw* 
it  ill  hydrochloric  acid,  add  a  very  little  tartaric  acid,  and  reprecipi** 
with  anuiionia.  Treat  the  precipitate  now  as  directed  in  §  134,  J,«.  *• 
obtain  the  alumina  contain(Ml  in  the  filtrate,  add  some  nitrate  of  po** 
and  a  surticient  (piantity  of  carbonate  of  soda  to  eflect  the  decomf'Wio* 
of  thr?  chloride  of  ammonium,  f  evaporate  to  dryness,  and  ignite  thei* 
duo  in  a  i)latinum  vess(4.  Dissolve  in  nitric  or  hydi-ochloric  acid  If 
continued  api>lication  of  heat,  and  separate  the  alumina  from  theimgi^ 
sia  as  directed  in  §  ir)G.  This  method  is  only  to  be  recommended  wfc« 
the  (juantity  of  the  alumina,  of  the  sesquioxide  of  iron,  and  of  the  W 
acid  is  not  too  large,  since  [phosphate  of  magnesia  and  ammonia  is** 
sitlerably  soluble  in  solutions  of  sesquisalts  of  iron  J  and  alumina,  jj- 

.".   (VVackenroder  and   Fresenius.)     Precipitate  the  not  tool* 
solution  wi(\\  ammonia,  taking  care  not  to  use  a  great  excess  of  "■ 
reugent,  and  add  chloride  of  barium  as  long  as  a  precipitate  conuifli 
to  form.     Digest  for  some  time,  and  then  filter.     The  precipititeC*j 
tains  the  whole  of  the  alumina  and  the  whole  of  the  phosphoric 
the  latt(ir  combined  partly  with  alumina,  partly  with  baryta.    FiHiJ' 
oil',  wash  it  a  litth.-,  and  dissolve  in  the  least  possible  quantity  of  bj 
rhloiio  aeiil.     Wanii,  saturate  the  solution  with  carbonate  of  baiyti|i 
pure  hydrate  of  polassa  in  excess,  apply  heat,  precipitate  the 

*  Compt.  rend.  40,  997. 

t  The  ij^iition  of  alumina  in  presence  of  chloride  of  ammonixui  would  i 
low  by  the  escape  of  ehlori<le  of  nluminium  (H.  Rose). 

[X  Dick,  Memoirs  of  CJoolo^cal  Surveys  of  Great  Britain,  1,  54.) 
1§  Knapp,  Frea  Zeitschrift,  iv.,  151.] 
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Lch  the  solution  may  contain  with  carbonate  of  soda,  and  filter.  Yon 
e  now  the  whole  of  the  alumina  in  the  solution,  the  whole  of  the 
»8phoric  fkcid  in  the  precipitate.  Acidify  the  solution  with  hydro- 
>ric  acid,  boil  with  some  chlorate  of  potassa,  and  precipitate  as 
3cted  §  105.  Dissolve  the  precipitate  in  hydrochloric  acid,  precipi- 
5  the  baryta  with  dilute  sulphuric  acid,  filter,  and  determine  the 
isphoric  acid  in  the  filtrate  by  precipitation  with  solution  of  magne- 
in  the  manner  described  in  §  134,  b,  a.  (Hermann  has  applied  a  per* 
'Ay  similar  method  in  his  analysis  of  [impure]  gibbsite.) 

*!   From  Sesquioxule  of  Chromium  (see  also  A,  k). 

Fuse  with  carbonate  and  nitrate  of  soda,  and  separate  the  chromic 

d  and  phosphoric  acid  in  the  maimer  described  §  166. 

g*  From  tfie  Metallic  Oxides  of  the  Fourth  Group  (see  also  ^,  k). 
ot.  Fuse  with  carbonate  of  soda.  Keep  in  fusion  for  some  time,  and  then 
il  the  fused  mass  with  water.  Filter  and  wash  the  undissolved  residue. 
le  filtrate  contains  the  phosphoric  acid  combined  with  soda ;  determine 
e  acid  as  directed  in  §  134,  A,  a.  Dissolve  the  residue,  which  generally 
tains  alkali,  in  acid,  and  determine  the  metal  by  the  appropriate  method. 
Should  a  small  portion  of  manganic  acid  have  got  int/O  the  solution, 
8  is  removed  by  a  little  sulphuretted  hydrogen  water. 
L  Dissolve  in  hydrochloric  acid,  add  tartaric  acid,  chloride  of  ammo- 
m,  and  ammonia,  and  finally,  in  a  fla.sk  which  is  to  be  closed  after- 
xis,  sulphide  of  ammonium,  put  the  flask  in  a  moderately  warm  place, 
"^ring  the  mixture  to  de[)Osit  until  the  fluid  appears  of  a  yellow  color, 
bout  the  least  tint  of  green  ;  filter,  and  determine  the  metals  as  di- 
in  §§  108  to  114.  The  phosphoric  acid  is  found  fi'om  the  loss,  or 
mined  according  to  §  134,  6,  a.  The  magnesia-mixture  may  imme- 
i^y  be  added  to  the  filtrate,  which  contains  sulphide  of  ammonium. 
»  washed  precipitate  is  once  more  dissolved,  and  the  solution  repre- 
Edited  as  in  6,  a.  This  method  is  not  well  adapted  for  the  analysis 
be  phosphate  of  nickel. 

•  (Special  method  for  effecting  the  separation  of  phosphoric  acid 
•^  the  oxides  of  iron.  R.  Akendt  and  W.  Knop  *).  Dissolve  in 
*'w;hloric  acid  to  the  least  possible  volume  of  fluid,  add  to  the  clear 
t^tion  protochloride  of  uranium  f ,  until  the  color  inclines  distinctly  t« 
^n,  and  a  drop  of  sulphocyanide  of  potassium  no  longer  produces  a 
tint  in  the  fluid.  Add  now  ammonia  to  distinct  alkaline  reaction, 
^  acetate  of  sesquioxide  of  uranium,  and  fi'ee  acetic  acid,  together 
K%  a  few  drops  of  solution  of  acetate  of  protoxide  of  uranium,  J  and 

CJhem.  Centralbl.  1857,  182. 

■Preparation  of  the  Protochloride  of  Uranium. — Dissolve  carbonate  of  sesqui- 
Ui  of  aranmm  and  ammonia  in  double  the  quantity  of  hydrochloric  acid  re- 
^^^  to  effect  solution,  add  a  few  drops  of  solution  of  bichloride  of  platinum, 
^throw  into  the  mixture  an  excess  of  fine  copper  turnings.  Heat,  and  let  the 
%iire  boil  from  10  to  15  minutes.  The  fluid  speedily  acquires  a  green  color, 
'  'Che  conversion  of  chloride  to  subchloride  is  soon  effected.  To  separate  the 
tllTed  subchloride  of  copper,  let  the  mixture  boil  until  water  produces  a 
^^m%  precipitate  Id  a  sample  of  it.  When  this  point  is  attained,  dilute  the  en- 
solution.  Eillow  ^t  to  cool,  filter  off  the  subchloride  of  copper,  transmit 
Nigh  the  filtrate  sulphuretted  hydrogen  in  excess ;  filter  off  the  precipitated 
fewphide  of  copper,  mix  the  solution  with  chloride  of  ammonium,  and  boil  un- 
>H  sulphuretted  hydrogen  has  escaped.  R.  Arendt  and  W.  Knop,  Chem.  Cen- 
bL,  1857,  164. 
.^reparation  of  Acetate  of  Protoxide  of  Uranium, — ^Precipitate  solution  of 
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Ijcrtt  to  hoilinfir.  Tlio  color  of  the  mixtiii-e  must,  appear  distinctly  gr«» 
Lsli,  and  not  diity.  I^*t  the  solid  particles  atmjdttely  subside,  and  tin 
di'caut  on  to  a  tilter ;  boil  the  precipitate  with  water  aud  some  cLktiide 
of  aninioiiiuin,  and  decunt  again.  Re})eat  this  operation  ouce  more,  iid 
tliciL  treat  th(^  })re('ipitate  aH  directed  in  §  134,  c,  Sei>arate  theuracica 
au'l  iron  in  the  filtnite  as  diivcted  §  IGl,  Supplement.  The  results ut 
Kutisfiictory.  The  addition  of  the  protochloride  of  uranium  hasforiii 
object  the  rednctiitn  of  the  sesquichloride  of  iron  to  protochlcnde. 

0,  (Special  method  fen*  etiecting  the  separation  of  phosphoric  acidfron 
th(»  oxides  of  iron,  Fui:sRNirs.)  lieduce  the  sesquioxide  of  iron  in  the 
solution,  if  necessary,  with  sidpliite  of  soda,  add  pure  hydrate  of  pot4« 
in  excess,  boil  until  the  precipitate  has  become  black  aiul  grauuLir,filttf, 
an«l  wash  with  boiling  water.  Tlie  precijiitate  on  the  filter  is  jiroio*- 
quioxide  of  iron,  free  from  phosphoric  acid.  The  pbosphone  aodiutfae 
filtrate  is  determined  as  directed  in  §  134,  5,  a. 

//.   From  MeUiUk  Oxules  of  the  Secondy  Third,  and  I*hurth  Gnfvfk 
IVlon^  (^specially  from  the  alkaline  earths,  alumina,  the  pn>toxiJ««<^ 
manganese,  nickel,  and  cobalt,  an<l  oxide  of  zinc ;  also  fi-om  ses(juioxid« 
of  iron,  if  the  quantity  of  the  latter  is  not  too  considerable. 

The  phosphoric  acid  is  ]n*ecipitated  as  phosphate  of  bihoxide  of  lia, 
according  to  the  directions  of  §  134,  6,  y.  The  filtrate  contains  tie 
bsisea  fr<;e  from  any  fortjign  Ixxly  requiiiug  removal,  which,  of  c^tTnati 
givatly  facilitates  their  estimation. 

i.   Prom  the  MHah  of  the  Fifth  and  Sixth  Growpa, 
T>issolve  in  hydrochloiic  or  nitric  acid,  precipitate  with  sulphurettti 
hvflroiren,  tiller,  detinniino  the  bases  by  the  methods  given  in  §j  II5» 
127,  and  the  phosphoric  acid  in  the  filtrate  by  the  method  desaifc«>^ 
^  l.*M,  />,  rt.     From  oxide  of  silver  the  jdiosphoric  acid  is  sejianiteJiB* 
nn>re  siinphiway  still, by adtling  hydrochloric  acid  to  the  nitriciu.'id.<t'* 
tion ;  fronioxideof  lead  it  isHei>ai-ated  most  readily  by  the  method  dtasaiiw 
in  b, 

k.    From  nil  JhisrA  with^mt  exception. 

Apply  Sonnknschkin's  nujthod  (§  134,  6,  3),  and  in  the  filtrate fra 
the  pliosplio-niolybdate  ot*  annnonia  separate  the  ba-ses  from  the miJvMf 
acid.       As  nioly]>dic  acid   comports  itself  with  suli)huretted  hxhp 
and  sulphide  of  aninioniuni  like  a  metal  of  the  sixth  group,  itHl«''j 
pretij)itate  metals  of  the   sixth   and  also   of  the  fifth  group froBiwI 
sulution  with  sulphuretted  hydrogen,  before  proceeding  to  precijiiW'*] 
].ljo^pli(»rie  acid  with  molybdic  acitl ;  the  latter  will  then  havetobeW 
rated  (.nly  from  the  metals  ot*  the  first  four  groups.     This  i« done iB*| 
following  manner  :  mix  the  acid  fluid,  in  a  flask,  with  amaom^ 
ae«[iiires  an  alkalin<j  reaction,  add  suljdiide  of  ammonium  in  w*^ 
excess,  close  the  month  of  the  ilask,  and  digest  the  mixture.    '^**j: 
the  soluti(wi  appears  of  a  reddish-yeUow  color,  without  thelwrtO*,] 
gieen,  filter  otl  the  tlnicl,  which  contains  sidphide  of  ™^^.^^^**!"J<1  / 
ammonium,  wash  the  residue  with  water  mixed  with  ^*^^     P^JJ/ 
ammonium,  and  separate  the  rcjuiaining  metallic  sulphides  •°.^. VS§    ;■ '  r 
oxides  of  the  fourth  and  third  groups  by  the  metho<ls  which wilW 
in  Section  V.     Mix  tht^  filti  ate  cautiously  with  hydi-ochloric ac\d^ 

protochloride  of  uniniuin  with  ammonia,  and  dissolve  the  prwai*^*^ 

»cid,  best  a*  a  high  tempeniture.  ■    Ns 


» 
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fito  excess,  remove  the  sulphide  of  molybdenum  according  to  the  diretftiona 
K  of  §  128,  Cy  and  determine  the  alkaline  earths  and  alkalies  in  the  filtrate. 
u  This  method  of  separating  the  phosphoric  acid  from  the  bases  is  highly 
[,  to  be  i-ecommended ;  especially  in  cases  where  a  small  quantity  of  phos- 
>  i^ioric  acid  has  to  be  determined  in  presence  of  a  very  large  quantity  of  ses- 
l  qnioxide  of  iron  and  alumina,  as,  for  example,  in  iron  ores,  soils,  t^c.  A3 
^  anenic  acid  and  silicic  acid  give,  with  molybdic  acid  and  ammonia,  similat 
^  yellow  precipitates,  it  is  necessary,  if  these  acids  are  present,  to  remove 
them  first.  However,  even  if  a  little  silico-molybdate  of  ammonia  is  mixed 
r  with  the  phospho-molybdate,  the  estimation  of  the  phosphoric  acid  may 
yet  be  accurately  effected  (comp.  §  134,  6,  |3). 

As  the  separation  of  the  bases  from  the  large  excess  of  molybdic  acid 
used  is  somewhat  tedious,  the  best  way  is  to  arrange  matters  so  that  this 
process  may  be  altogether  dispensed  with.  Supposing,  for  instance,  you 
have  a  fluid  containing  sesquioxide  of  iron,  alumina,  and  phosphoric  acid, 
wtimate,  in  one  portion,  by  cautious  precipitation  with  ammonia,  the  total 
amount  of  the  three  bodies ;  in  another  portion  the  phosphoric  acid,  by 
loeaos  of  molybdic  acid ;  and  in  a  third,  the  sesquioxide  of  iron,  in  the 
▼olumetric  way.     The  diifference  gives  the  alumina. 

§  136. 

2.   BORACIC   ACIB. 

L  Determination, 

The  determination  of  theboracicacid  in  an  aqueous  or  alcoholic  solution 
omnot  be  effected  by  simply  evaporating  the  fluid  and  weighing  the  residue, 
M  a  notable  portion  of  the  acid  volatilizes  and  is  carried  off  with  the 
•queous  or  alcoholic  vapor.  This  is  the  case  also  when  the  solution  is 
«Taporated  with  oxide  of  lead  in  excess. 

Bor^cic  acid  is  estimated  either  indirectly  or  in  form  of  horofluoride 
of  potassium. 

1.  Indirect  Determination. 

0.  Mix  the  solution  of  the  boracic  acid  with  a  weighed  quantity  of  pure 
carbonate  of  soda,*  in  amount  about  l^  times  the  supposed  quantity  of  the 
boracic  acid  present.  Evaporate  the  mixture  to  dryness,  heat  the  residue 
to  fusion  and  weigh.  The  residue  contains  a  known  amount  of  soda,  and 
onknown  quantities  of  carbonic  acid  and  boracic  acid.  Determine  the 
wbonic  acid  by  one  of  the  methods  given  in  §  139,  and  find  the  boracic 
Mid  from  the  difference  (H.  Hose). 

b.  In  the  method  a,  if  between  1  and  2  eq.  carbonate  of  soda  are  used  to 

i  eq.  boracic  acid — and  this  can  easily  be  done  if  one  knows  approximately 

the  amount  of  the  latter  present — all  the  carbonic  acid  is  expelled  by  the 

boracic  acid.     Hence  we  have  only  to  deduct  the  NaO  from  the  residue  to 

find  the  BO3.     As  the  tumultuous  escape  of  carbonic  acid  may  lead  to 

loss,  it  is  well,  after  having  thoroughly  dried  the  residual  saline  mass, 

to  project  it  in  small  poi-tions  cautiously  into  the  red  hot  crucible.     Results 

good  (F.  G.  SCHAPFGOTSCH  f ). 

c.  If  a  solution  contains  alkalies  besides  boracic  acid,  the  latter  may  be 
determined,  according  to  C.  Marion  ac,  J  in  the  following  manner: — ^Neu- 

•  Fused  carbonate  of  soda  answers  the  purpose  best. 
f  Fogg.  Ann.  107,  437.  i  Zeitschrift  f.  analyt.  Chem.  1,  405. 
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tnklue  the  solatioii  with  hy  droohlorio  add,  add  double  chloride  of  i 
■ium  and  ammonium  in  such  quantity  that  Ipartof  boraoio  acidmijkM 
at  least  2  parts  of  magnesia,  tiben  add  ammonia  ^nd  eyapontetodiTiieHi 
If  a  precipitate  is  formed  on  adding  the  ammonia  which  doeBnotieduHlic 
readily  on  warming,  add  more  chloride  of  ammonium.  The  erapontifli 
is  conducted,  at  least  towards  the  end,  in  a  platinum  dish,  a  few  dropicf 
ammonia  being  added  from  time  to  time.  Ignite  the  dry  mass,  treat  liA 
boiling  water,  collect  the  insoluble  precipitate  (consisting  of  borate  rf 
magnesia  mixed  with  excess  of  magnesia)  on  a  filtcor,  and  wash  with  bofling 
water  till  the  washings  remain  clear  with  nitrate  of  silYer.  Hie  fihnli 
and  washing^  are  mixed  with  ammonia,  evaporated  to  diyneaa,  ignited,  asd 
washed  with  boiling  water  as  before. 

The  two  insoluble  residues  are  ignited  together  in  the  platinun  dufc 
before  used,  as  strongly  as  possible,  and  for  a  sufficiently  long  tune,  n 
order  to  decompose  the  slight  traces  of  chloride  of  magnesium  that  ioi|^ 
still  be  present.  After  weighing  determine  the  magneida  and  find  \h 
boracic  acid  from  the  difference.  The  estimation  of  the  magnesia  mifbi 
made  by  dissolving  the  residue  in  hydrochloric  acid  and  prec^utatiagM 
pbo8])hate  of  magnesia  and  ammonia,  or  more  quickly,  and  ahnoiit  m 
accurately,  by  dissolving  in  a  known  quantity  of  standard  sulphuric  leid 
at  a  boiling  temperature  and  determining  the  excess  of  acid  with  standod 
soda  (comp.  Alkalimetry). 

Should  a  little  platinum  remain  behind  on  dissolving  the  residiie^it 
must  be  weighed  and  subtracted  from  the  weight  of  the  whole  (nnlen^ 
dish  was  weighed  first).  Besults  satisfEUstoiy.  Mabignac  obtained  in  tit 
experiments  0'276  instead  of  0*280. 

2.  If  boracic  acid  is  to  be  determined  as  horofluoride  ofpeUummm^  a&*^ 
lies  only  (preferably  only  potash)  may  be  present,  llie  process  is  oondiuied 
as  follows: — Mix  the  fluid  with  pure  solution  of  potassa,  adding  for  eick 
eq.  boracic  acid  supposed  to  be  present,  at  least  1  eq.  potassa ;  add  piro 
hydrofluoric  acid  (free  from  silicic  acid)  in  excess,  and  evaporate,  is  ft 
platinum  dish,  on  the  water-bath,  to  dryness.  The  fumes  firom  the  evapo- 
rating fluid  should  redden  litmus  paper,  otherwise  there  is  adeficieDcyof 
hydrofluoric  acid.  The  residue  consists  now  of  K  Fl,  B  Fl,  and  K  Fl, 
H  Fl.  Treat  the  dry  saline  mass,  at  the  common  temperature,  with  ft 
solution  of  1  part  of  acetate  of  potaasa  in  4  parts  of  water,  let  it  stand  ft 
fevsr  hours,  with  frequent  stirring,  then  decant  the  fluid  portion  on  to  ft 
weighed  filter,  and  wash  the  pi*ecipitate  repeatedly  in  the  same  wftjj 
finally  on  the  filter,  with  solution  of  acetate  of  potassa,  until  the  IftS* 
rinsings  are  no  longer  precipitated  by  cliloride  of  calcium.  By  this  couffO 
of  proceeding  the  hydrofluate  of  fluonde  of  pot^issium  is  removed,  without 
a  pai*ticle  of  the  horofluoride  of  potassium  being  dissolved.  To  remove 
the  acetate  of  potassa,  wash  the  precipitate  now  with  sj)iritof  wineofO'?^ 
sp.  gi*.,  dry  at  100°  and  weigh.  As  chloride  of  potassium,  nitrate  and 
pho8])hate  of  potassa,  salts  of  soda,  and  even,  though  with  some  difScnHy* 
sulphateof  potassa,  dissolve  in  solution  of  acetate  of  potassa,  the  presence 
of  these  salts  does  not  interfere  with  the  estimation  of  the  boracic  acid ; 
however,  salt*  of  soda  must  not  be  present  in  considerable  proportion, *• 
fluoride  of  sodium  dissolves  with  very  great  difliculty.  The  results  ob- 
tained by  this  method  are  satisfactory.  Stromeyer's  experiments  g»^ 
firom  9  7 '5  to  lOO'T,  instead  of  100.  For  the  composition  and  projiertw* 
of  horofluoride  of  potassium,  see  §  93,  6.  As  the  salt  is  very  likely  ^ 
contain  silicofluoride  of  potassium  it  is  indispensable  to  test  it  for  thfttfl^*^ 
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ince ;  this  is  done  by  placing  a  small  sample  of  it  on  moist  blue  litmui 
per,  and  putting  another  sample  into  cold  concentrated  sulphuric  acid, 
the  blue  j>aper  turns  red,  and  effervescence  ensues  in  the  sulphuiic  acid 
Q  salt  is  impui-e,  and  contains  silicofluoride  of  potassium.  To  remove 
is  impuiity,  dissolve  the  remainder  of  the  salt,  after  weighing  it,  in 
iling  water,  add  ammonia,  and  evaporate,  redissolve  in  boiling  water, 
d  ammonia,  <kc.,  rei>eating  the  same  operation  at  least  six  times.  Finally, 
>er  warming  once  more  with  ammonia,  filter  off  the  silicic  acid,  evai)orate 
dryness,  and  treat  again  with  solution  of  acetate  of  potassa  and  alcohol 
i..  Stromeyer*).  I  was  obliged  to  modify  Stromeyer's  method  for 
beting  the  separation  of  the  silicic  acid,  the  results  of  my  experiments 
ving  convinced  me  that  treating  the  salt  only  once  with  anunonia,  as 
x>mmended  by  that  chemist,  is  not  sufficient  to  effect  the  object  in  view. 

II.  Separation  of  JBoracic  Acid  from  the  JBases, 

a.  From  Uie  Alkalies. 

Dissolve  a  weighed  quantity  of  the  borate  in  water,  add  an  excess  of 
drochloric  acid,  and  evapoi^ate  the  solution  on  the  water-bath.  To- 
irds  the  end  of  the  operation  add  a  few  more  drops  of  hydrochloric 
id,  and  keep  the  residue  on  the  water-bath,  until  no  more  hydrochloric 
id  vajxjrs  escape.  Determine  now  the  chlorine  in  the  residue  (§  141), 
Jculate  from  this  the  alkali,  and  you  will  find  the  boracic  acid  from  the 
ift'erence. 

E.  ScHWEiZER,  with  whom  this  method  originated,  states  that  it  gave 
m  very  satisfactory  results  in  the  analysis  of  borax.  It  will  answer 
so  for  the  estimation  of  the  bases  in  the  case  of  some  other  borates.  It 
self-evident  that  the  boracic  acid  may  be  estimated,  in  another  portion 
the  salt,  by  I.,  1,  c,  or  2.  If  you  have  to  estimate  boracic  acid  in 
Bsence  of  large  proportions  of  alkaline  salts,  make  the  fluid  alkaline 
th  potassa,  evaporate  to  dryness,  extract  the  residue  with  alcohol  and 
ne  hydrochloric  acid,  add  solution  of  potassa  to  strongly  alkaline  re- 
ion,  distil  off  the  spirit  of  wine,  and  then  proceed  as  in  I.,  1,  c,  or  2 
uo.  Stromeyer,  loc.  cit,),  • 

^.   JFrom  alniost  aU  other  JBases, 

rhe  compounds  are  decomposed  by  boiling  or  fusing  with  carbonate 
hydrate  of  potassa ;  the  precipitated  base  is  filtered  off,  and  the  bora- 
acid  determined  in  the  filtrate,  according  to  the  directions  of  I.,  1,  c, 
2.  If  magnesia  was  present,  a  little  of  this  is  very  likely  to  get  into 
d  filtrate,  and-^if  process  I.,  2,  is  employed — upon  neutralizing  with 
drofluoric  acid,  this  separates  as  insoluble  fluoride  of  magnesium, 
iich  may  either  be  filtered  off  at  once,  or  removed  subsequently,  by 
sating  the  boro-fluoride  of  potassium  with  boiling  water,  in  which  that 
It  is  soluble,  and  the  fluoride  of  magnesium  insoluble. 

c  JFVom  the  MetaVic  Oxides  of  the  Fourth,  Fifth  and  Sixth  Groups, 
The  metallic  oxides  are  precipitated  by  sulphuretted  hydrogen,  or,  as 
f  case  may  be,  sulphide  of  ammonium,  and  determined  by  the  appro- 
i*te  methods.  The  quantity  of  boracic  acid  may  often  be  inferred 
•i  the  loss.  If  it  has  to  he  estimated  in  the  direct  way,  the  filtrate, 
*f  addition  of  solution  of  potassa  and  some  nitrate  of  potassa,  is  eva- 
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uorated  todrynef«,tlieT68idQeigidted,anddi0boimflio  add  eskiiitttodlf 
1^  I  CyOr  2.  In  cmob  where  Uie  metd  has  heen  nreoqpiteted  bjul 
phuretted  hydrogen  from  acid  or  nentral  aohitiona,  tne  boraeie  aodu^ 
also  be  determined  in  the  filtrate— in  the  ahaence  of  othar  adda-lf 
I.y  1  a  or  6y  after  the  complete  removal  of  die  aalphurattod  hjdrogei 
bj  transmitting  carbonic  acid  throa|^  die  fiuid. 

cL  From  the  whole  of  the  JFhsed  Sa$n. 

A  portion  of  the  very  finely  pnlveriied  compoiuid  under  tiramiiittifit 
is  weighed,  put  into  a  capacious  platinum  dish,  and  digested  with  a  Hi 
ficient  quantity  of  hydrofluoric  add ;  pore  eonoentrated  aulphniicaddii 
then  giudually  added,  drop  by  drop,  and  the  miztore  hettted,  SBodjit 
first,  then  more  strongly,  un^  the  excess  of  the  aalpliiirie  acid  is  eo» 
plettily  expelled.  In  this  operation  the  boracio  acid  goea  off  in  thefiam 
of  fluoride  of  boron  (B  0,+3  H  ¥h=^  F],+3  H  O).  The  leadus  «» 
tains  the  bases  in  the  form  of  sulphates ;  the  bases  are  determined  hj 
the  appropriate  methods,  and  the  quantity  of  the  boraoio  acid  is  infemd 
from  the  diflerence  between  the  weight  of  the  separated  basesndthitof 
the  analyzed  borate.  The  application  of  this  method  iwesoppoiB^  d 
coui'se,  that  the  analyzed  compound  is  deoompoasUe  by  soJ^inie  sdi 

§137. 

3.  OxALio  Acid. 

I.  DeterminaHon, 

Oxalic  acid  is  either  precipitated  as  cxabUe  of  Utne,  and  tiie  kttv 
determined  as  ccMrbonate  of  htne/  or  the  amount  ^ypntsiniwi  in  aea» 
pound  is  infeiTed  from  the  quantity  of  solution  of  permanpiiiti  tf  ; 
pouissa  requii-ed  to  eflect  the  conversion  into  carbonic  Sicdd  ;  or  frontte 
quantity  of  gold  which  it  reduces ;  or  from  the  amount  of  carbonic  aoi 
which  it  yields  upon  accession  of  1  eq.  oxygen. 

a.  Determination  as  Carbonate  of  Lime, 

Precipitate  with  solution  of  acetf>  js  of  lime,  added  in  moderate  emi^ 
and  treat  the  precipitated  oxala  ^  if  lime  as  directed  in  §  103.  If  M 
method  is  to  yield  accurate  results,  vne  solution  must  be  nentral  orili^il^ 
acid  with  acetic  acid  ;  it  must  not  contain  alumina,  aesqnioxide  of  cIb» 
miiiui,  '^r  oxides  of  the  heavy  metals,  more  especially  sesqnioadde  of  ins 
or  oxide  of  copper ;  therefore,  whei^  these  conditions  do  not  exist,  Ih^ 
must  first  be  supplied. 

h.  Determination  by  means  of  Solution  of  PervumffotuUe  of  Pttmi^ 
Determine  the  strength  of  the  solution  of  permanganate  of  potil.* 
directed  p.  196,  cc^  by  means  of  oxalic  acid ;  then  diasolYe  the  oovpoHl 
in  which  the  oxalic  acid  is  to  be  estimated,  and  which  must  be  ficwta 
all  other  bodies  that  might  act  on  solution  of  permanganate  of  ( 
in  400  or  500  parts  of  water,  or,  as  the  case  may  be,  acid  sad 
add,  if  necessary,  a  further,  not  too  small,  quantity  of  aolphnrie  fli(j 
heat  to  about  60°,  and  then  add  the  permanganate,  drop  by  dnf^  " 
constant  stirring,  until  the  fluid  just  shows  a  red  tint  (ooanpars  |i 
Knowing  the  quantity  of  oxalic  acid  which  100  c.  o.  of  the  standarif 
manganate  will  oxidize,  a  simple  calculation  will  give  the  qnsslil^' 
oxalic  acid  corresponding  to  the  c.  a  of  permanganate  used  in  Ati 
perinient.     The  results  are  very  accurate. 
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0.  Determination  from  tlie  reduced  Gold  (ILKose). 

a.  In  Compounds  soluble  in  Water, 

Add  to  the  solution  of  the  oxalic  acid  or  the  oxalate  a  solution  oi 
sodio-terchloride,  or  ammonio-terchloride  of  gold,  and  digest  for  some 
time  at  a  temperature  near  ebullition,  with  exclusion  of  direct  sunlight. 
Collect  the  precipitated  gold  on  a  filter,  wash,  dry,  ignite,  and  weigh. 
1  eq.  gold  (196)  corresponds  to  3  eq.  C,  O,  (3x36=108). 

/3.  In  Compounds  insoluble  in  Water, 

Dissolve  in  the  least  possible  amount  of  hydrochloric  acid,  dilute 
with  a  very  large  quantity  of  water,  in  a  capacious  flask,  cleaned  pre- 
viously with  solution  of  soda ;  add  solution  of  gold  in  excess,  boil  the 
mixture  some  time,  let  the  gold  subside,  taking  care  to  exclude  sunlight, 
and  proceed  as  in  a. 

d.  Determination  as  Carbonic  Acid, 

This  may  be  efiected  either, 

a.  By  the  method  of  organic  analysis  (§  174)  ;  or, 

0.  By  mixing  the  oxalic  acid  or  oxalate  with  finely  pulvemed  binox- 
ide  of  manganese  in  excess,  and  adding  sulphuric  acid  to  the  mixture,  in 
an  apparatus  so  constructed  that  the  disengaged  carbonic  acid  passes  off 
perfectly  dry. 

The  theory  of  this  method  may  be  illustrated  by  the  following  equa- 
tion 

€,  0,+Mn  0,4-S  0,=Mn  O,  S  0,+2  C  O, 

For  each  1  eq.  oxalic  acid  we  obtain  accordingly  2  eq.  carbonic  acid. 
For  the  apparatus  and  process,  I  refer  to  the  chapter  on  the  examiiiation 
of  manganese  ores,  in  the  special  part  of  this  work.  Here  I  may  remark 
that  free  oxalic  acid  must  first  be  prepared  for  the  process  by  slight 
lupersaturation  with  ammonia,  and  adso  that  9  parts  of  anhydrous  ox- 
alic acid  require  theoretically  1 1  parts  of  (pure)  binoxide  of  manganese, 
j^ince  an  excess  of  the  latter  substance  does  not  interfere  with  the  accu- 
racy of  the  results,  it  is  easy  to  find  the  amount  to  be  added.  The 
binoxide  of  manganese  need  not  be  pure,  but  it  must  contain  no  carbon- 
ate. This  method  is  expeditious,  ajtid  gives  very  accurate  results,  if 
the  process  is  conducted  in  an  apparatus  sufficiently  light  to  admit  of 
the  use  of  a  delicate  balance. 

Instead  of  binoxide  of  manganese,  chromate  of  potassa  may  be  used ; 
(compare  §  130,  c.) 

IL  Separation  of  Oxalic  Acid  from  the  Doses, 

The  most  convenient  way  of  analyzing  oxalates  is,  in  all  cases,  to 
determine  in  one  portion,  the  acid,  by  one  of  the  methods  given  in  I.,  in 
another  portion,  the  base,  particularly  as  the  latter  object  may  be  gene- 
rally efiected  by  simple  ignition  in  the  air,  which  reduces  the  salt  either 
to  the  metallic  state  (e,  g,y  oxalate  of  silver),  or  to  pure  oxide  (e,  g,  oxa- 
late of  lead),  or  to  carbonate  (e.  g,^  the  oxalates  of  the  alkalies  and  alka- 
line earths.) 

If  acid  and  base  have  to  be  determined  in  one  and  the  same  portion 
•«f  the  oxalate,  the  following  methods  may  be  resorted  to : 

a»  The  oxalic  acid  is  determined  by  I.,  c,  and  the  gold  separated  from 
Qie  bases  in  the  filtrate  by  the  methods  given  in  Section  Y. 
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b.  In  many  soluble  salts  the  oxalic  acid  may  be  determined  by  thf 
method  I.,  a ;  separating  the  bases  afterwards  from  the  excess  of  the 
salt  of  I  me  by  the  methods  given  in  Section  V. 

c.  Many  oxalates  whose  bases  are  precipitated  by  carbonate  of  potsssi 
or  carbonate  of  soda,  and  are  insoluble  in  an  excess  of  the  precipitant, 
may  be  decomposed  by  boiling  with  an  excess  of  solution  of  carbonati 
of  potassa  or  carbonate  of  soda,  oxide  or  carbonate  being  formed  on  tin 
one,  and  alkaline  oxalate  on  the  other  side. 

d.  All  salts  of  oxalic  acid  with  the  oxides  of  the  fourth,  fifth,  snd 
sixth  groups,  may  be  decomposed  with  sulphuretted  hydrogen,  or  sut 
phide  of  ammonium. 

§  138. 
4.  Hydbofluobic  Aom. 

I.  DeterminatioTu 

Free   hydrofluoric  acid  in   aqueous  solution  is  best  determined  ai 
Jluoriih  of  calcium.      For   this   purpose,  carbonate  of    soda  is  added 
in  moderate  excess,  then  a  solution  of  chloride  of  calcium  as  long  as  a 
precipitate  continues  to  form  ;  when  the  precipitate,  which  consists  of 
fluoride  of  calcium  and  carbonate  of  lime,  has  subsided,  it  is  washed,  first 
by  decantation,  afterwards  on  the  filter,  and  dried ,  when  dry,  it  is  ignited 
in  a  platinum  crucible  (§  53) ;  water  is  then  poured  over  it,  in  a  pls^us 
or  porcelain  dish,  acetic  acid  added  in  slight  excess,  the  mixture  evaporated 
to  dryness  on  the  water-bath,  and  heated  on  the  latter  until  all  odor  of 
aortic  acid  disappears.    The  residue,  which  consists  of  fluoride  of  calcinia 
and  acetate  of  lime,  is  heated  with  water,  the  fluoride  of  calcium  filtered 
t)fl',  washed,  dried,  ignited  (§  53),  and  weighed.     If  the  precipitate  of 
fluoride  of  calcium  and  carbonate  of  lime  were  treated  with  acetic  add, 
without  previous  ignition,  tlie  washing  of  the  fluoiide  would  proves 
diflicdlt  operation.     Presence  of  nitric  or  hydrochloric  acid  in  the  aque- 
ous sohition  of  the  hydrofluoric  acid  does  not  interfere  with  the  prooeai 

(H,  liOSE). 

IL  Separation  of  Fluorine  fro^m  the  MeUda, 

a.  Soluble  Fluorides. 
If  the  solutions  ]iave  an  acid  reaction,  carbonate  of  soda  is  added  in 
excess.  If  tliis  produces  no  precipitate,  the  fluorine  is  determined  by 
the  method  given  in  I.,  and  the  bayes  in  the  filtrate  are  separated  from 
tlie  excess  of  lime,  and  from  the  soda,  by  the  methods  given  in  Section 
V.  But  if  the  carbonate  of  soda  produces  a  precipitate,  the  mixture  ii 
heated  to  boiling,  then  filtered,  and  the  fluorine  determined  in  the  fil- 
trate by  the  method  given  in  J. ;  the  base  is  in  the  residue,  which  must, 
however,  first  be  testerl,  to  make  sure  that  it  contains  no  fiuoi*ine.  Neo- 
tral  solutions  are  mixed  \vith  a  suflicient  quantity  of  chloride  of  caldun, 
and  the  mixture  heated  to  boiling  in  a  platinum  dish,  or,  but  less  i^ 
propriatel y,  in  a  ])orc(jlain  dish  ;  the  precipitate  of  fluoride  of  calcium  ii 
allowed  to  subside,  thoroughly  washed  with  hot  water  by  decantatioiii 
transferred  to  the  filter,  dried,  ignited,  and  weighed.  The  bases  in  Al 
filtrate  are  then  separated  from  the  excess  of  the  salt  of  lime  byfti 
nsnal  methods.  That  the  bases  may  be  deteimined  also  in  separate  pci 
tions  by  the  methods  given  in  h^  need  hardly  be  stated. 
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h.  Insoluble  Fluorides, 

a.  Anhydrous  insoluble  Fluorides, 

The  finely  pulverized  and  accurately  weighed  substance  is  heated  for 
Bome  time  with  pure  concentrated  sulphuric  acid,  and  finally  ignited  until 
the  free  sulphuric  acid  is  completely  expelled.  The  residuaiy  sulphate  is 
weighed,  and  the  metal  contained  in  it  calculated.  The  difierence  between 
the  calculated  weight  of  the  metal  and  that  of  the  original  fluoride  shows 
the  amount  of  fluorine  originally  present  in  the  analyzed  compound.  In 
cases  where  we  have  to  deal  with  a  metal  whose  sulphate  gives  off"  part  of 
the  sulphuric  acid  upon  ignition,  or  where  the  residue  contains  several 
metals,  it  is  necessaiy  to  subject  the  residue  to  analysis  before  this  cal« 
culation  can  be  made. 

/3.  Hydrated  vnsclvhle  Fhwrides, 

A  sample  of  the  compound  under  examination  is  heated  in  a  tube* 

CLa,    The  Water  expelled  does  not  redder^  Litmus  Paper. 

In  this  case  the  amount  of  water  present  is  ascertained  by  igniting  the 
hydrated  compound,  and  the  fluorine  and  metal  are  subsequently  deter- 
mined as  directed  in  II.,  6.  a. 

hb.    The  Water  expelled  has  an  acid  reaction. 

The  fluoride  under  examination  is,  in  the  first  place,  treated  with  sul- 
phuric acid,  as  directed  in  II.,  6,  a,  to  determine  the  metal  on  the  one  hand, 
and  the  water  -|-  fluorine  on  the  other.  Another  weighed  portion  is  then 
mixed,  in  a  small  retort,  with  about  6  parts  of  recently  ignited  oxide  of 
lead  ;  the  mixture  is  covered  with  a  layer  of  oxide  of  lead,  the  retort 
weighed,  and  the  water  expelled  by  the  application  of  heat,  increased 
gradually  to  redness.  No  hydrofluoric  acid  escapes  in  this  process.  The 
weight  of  the  expelled  water  is  inferred  from  the  loss.  The  first  operation 
having  given  us  the  water  -f  fluorine,  and  the  second,  the  water  alone,  the 
diflference  is  consequently  the  fluorine. 

In  the  fifth  section  we  shall  have  occasion  to  speak  of  another  method  of 
determining  fluorine  (in  the  chapter  on  the  separation  of  fluorine  from 
silicic  acid). 

Fourth  Division  of  the  First  Group  of  the  Adds. 
Carbonic  Acid — Silicic  Acid. 

§  139. 
I.  Carbonic  Acid. 
I.  Determinoition, 

a.  In  a  mixtu/re  of  Gases. 

After  thoroughly  drying  the  gases  with  a  ball  of  chloride  of  calcium, 
measure  them  accurately,  in  a  graduated  tube  over  mercury,  insert  a 
moistened  ball  of  hydrate  of  potassa,  cast  on  a  platinum  wire  in  a*  pistol 
btillet-mould,  and  leave  this  in  the  tube  for  24  hours,  or  until  the  volume 
of  the  gas  ceases  to  show  further  diminution ;  withdraw  the  ball,  and 
measure  the  gas  remaining,  re-insert  the  same  or  a  fresh  moistened  ball  of 
potassa  and  repeat  till  no  further  absorption  takes  place.  The  carbonio 
aoid  gas  is  inferred  from  the  difierence,  provided  the  gaseous  mixtiure  con- 
teined  no  other  gas  liable  to  absorption  by  potassa  (compare  §§  12-16). 
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If  the  amount  of  carbonic  acid  is  very  small,  this  process  does  not  rieU 
Butticieiitly  accurate  results.  In  such  cases  one  of  the  methods  recont- 
m(*nfl(;d  for  the  estimation  of  carbonic  acid  in  atmospheric  air  (see  §  'M] 
should  be  employed. 

6.  Jn  Aqueous  Solution. 

a.  With  H\t)rate  of  Lime, 

Into  a  flask,  holding  about  300  c.  c.  and  provided  with  a  good  indxa- 
rubber  cork,  ])ut  2  to  3  ^'va.  hydrate  of  lime  perfectly  free  from  carbon- 
ate',* tan*  or  weigh  exactly,  add  the  carbonic  acid  water,  cork  immedi- 
ately and  weigh  again.  (If  the  water  is  measured  with  a  plunging 
Bvfihon,  of  course  this  mode  of  ascertaining  the  amount  of  water  em 
ployetl  is  superfluous.)  Heat  the  contents  of  the  flask  for  some  time 
in  a  water-bath  (raising  the  cork  every  now  and  then)  to  hasten  the  con- 
v(H*tii<)ii  of  the  amorphous  carbonate  of  lime  into  the  crvatalline,  and 
pour  off  the  clear  fluid  as  completely  as  possible  without  disturbing  the 
j)recii>itate  through  a  small  ribbed  filter.  This  operation  is  soon  fin- 
ished, and  the  filter  is  at  once — without  washing — thrown  into  the  fltsk 
containing  the  precipitate  and  the  rest  of  the  fluid  ;  the  carbonic  add  is 
determined  now  according  to  II.,  e ;  or,  if  the  carbonic  acid  water  con- 
tains bicarbonate  of  an  alkali,  it  is  well  to  add,  besides  the  hydrate  d 
lime,  also  enough  chloiide  of  calcium  to  decompose  the  alkaline  or 
bonatc. 

^.  After  Pettenkofer.  f 

The  ]>rinciple  of  this  simple  and  expeditious  process  consists  in 
mixing  the  carbonic  acid  water  with  a  measured  quantity  of  standard 
lime-water  (or,  under  certain  circumstances,  baryta  water)  in  exceo. 
Afl'  r  complete  separation  of  the  carbonate  of  lime  the  excess  of  alkiiline 
»>arlh  ill  (lie  fluid  is  determined  in  an  aliquot  part  by  means  of  stand- 
iW'X  solution  of  oxalic  acid  ;  the  diflfrrence  gives  the  lime  precipitatt-d  by 
the  esir])onio  acid,  and  conserjuently  the  amount  of  the  latter  present. 

If  a  water  contains  oiilv  free  carbonic  acid,  the  analyst  has  onlrto 
bear  in  mind  that  the  carl)onate  of  lime  formed  is  at  first,  as  lon^ftsit 
reiiiains  amorphons,  very  ju'rceptiMy  soluble  in  wat-er,  to  'which  it  com- 
niiuiicates  an  alkaline  reaction.  Hence  the  unprecipitatcd  lime  in  th* 
fluid  cannut  be  estimated  till  the  carbonate  of  lime  has  sepamted  in  the 
crvstalline  form — this  takes  8  or  10  hours  if  the  mixture  is  not  warmed 
to*  70°  or  80°. 

If,  on  the  contrary,  a  water  contains  an  alkaline  carbonate  or  any 
other  alkaline  salt  whose  acid  would  be  precipitated  by  lime,  a  neutral 
solution  of  (;lilorid«^  of  calcium  must  first  be  added  to  decomi>06e  the 
same.  This  addition,  too,  i)revents  any  inconvenience  arising  from  the 
])]-esenc(^  of  fi-ee  alkali  in  tlie  lime-water  or  of  carbonate  of  magnesia  in 
th(^  carbonic  acid  water;  this  inconvenience  consists  in  the  feet- tbit 
oxalate  of  an  alkali  or  of  magnesia  enters  into  double  deoomi>ositioB 
with  carbonates  of  lime  (which  is  never  entirely  absent  from  the  fluid  to 


♦  This  is  proparnd  by  slakinf^r  freshly  burnt  lime  with  water  in  such  a  maniM 
that  the  hydrut  o  obtained  appears  dry  aiul  pulverulent.  Should  it  contain  oijtonie 
acid  (aH  may  bo  seen  by  putting  a  portion  into  hydrochloric  acid)  it  is  ignifted  ta 
a  current  of  air  fr(;c  from  carbonic  acid  in  n  tube  of  difficultly  fusible  c^Mspborf 
in  a  combustion  furnace. 

f  Buchner^B  neues  Ropert.  10,  1. 
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e  analyzed),  forming  oxalate  of  lime  and  carbonate  of  the  alkali  or  of 
uignesia,  which  latter  will  of  course  again  take  up  oxalic  acid. 

In  the  presence  of  magnesia  salts  in  carbonic  acid  water,  in  order  te 
iroid  the  precipitation  of  the  magnesia,  a  little  chloride  of  ammonium 
lust  also  be  added,  but  in  this  case  heat  must  not  be  applied  to  induce 
le  carbonate  of  lime  to  become  more  quickly  crystalline,  as  ammonia 
ould  be  thereby  expelled. 

In  making  the  determination,  the  first  thing  to  be  done  is  to  ascertain 
le  relation  between  the  lime  water  and  a  standard  solution  of  oxalic 
3id.  Pettenkofkr  makes  the  latter  solution  by  dissolving  2*8036 
rm.  pure  uneffloresced  dry  crj^stallized  oxalic  acid  to  1  litre ;  1  c.  c.  of 
lis  is  equivalent  to  1  mgrm.  carbonic  acid.  The  lime  water  is  stand- 
rdized  as  follows :  measure  45  c.  c.  into  a  little  flask  which  can  be 
osed  by  the  thumb,  and  th^i  run  in  from  the  burette  the  solution  of 
calic  acid  till  the  alkaline  reaction  has  just  vanished.  During  the 
[)eration  the  flask  is  closed  with  the  thumb  and  gently  shaken.  The 
id  is  attained  as  soon  as  a  drop  taken  out  with  a  glass  rod  and  applied 
»  delicate  turmeric  paper  produces  no  brown  ring.  The  fii*st  experiment 
.  a  rough  one,  the  second  should  be  exact. 

The  amilysis  of  a  carbonic  acid  water  (a  spring  water,  for  instance)  is 

erfomied  by  transferring  100  c.  c.  to  a  dry  flask,  adding  3  c.  c.  of  a 

eutral  and  nearly  saturated  solution  of  chloride  of  calcium  and  2  c.  c.  of 

satui-ated  solution  of  chloride  of  ammonium,  then  45  c.  c.  of  the  stand- 

rd  lime  water ;  close  the  flask  with  an  iudia-i*ubber  cork,  shake  and  allow 

i  stand  1 2  hours.   The  i  luid  contents  of  the  flask  measure  consequently  150 

c.     From  the  clear  fluid  take  out  by  means  of  a  pipette  two  portions 

r  60  c.  c.  each,  and  determine  the  free  lime  by  means  of  oxalic  acid,  in 

le  first  portion  approximately,  in  the  second  exactly.     Multiply  the 

c.  used  in  the  last  experiment  by  3  and  deduct  the  product  from  the 

c.  of  oxalic  acid  which  correspond  to  45  c.  c.  of  lime  water.     The  dif- 

rence  shows  the  lime  precipitated  by  carbonic  acid;  each  c.  c.  corre- 

londs  to  1  mgrm.  carbonic  acid. 

The  method  is  convenient  and  good ;  it  is  especially  to  be  recom- 
ended  for  dilute  carbonic  acid  water.  In  water  containing  much  car- 
mic  acid  it  is  well  to  replace  the  lime-  by  baryta  water ;  compare  the 
itermination  of  carbonic  acid  in  atmospheric  air,  §  241. 

II.  Sepa/ration  of  Carbonic  Acid  from  the  SaseSy  a/nd  iU 

jEstimaticn  in  Carbonates. 

a.  Separation  from  Neutral  Carbonates  of  Alkalies  cmd  the  Alkaline 

IlJartJiS. 
If  the  salts  contain  unquestionably  1  eq.  carbonic  acid  to  1  eq.  base, 
id  there  is  no  other  salt  with  alkalijie  reaction  present,  we  may  deter- 
ine  the  quantity  of  the  base   by  the  alkalimetiic  method    (§§  207, 
)8,  201),  and  calculate  for  each  1  eq.  base  1  eq.  carbonic  acid. 

6.  Separation  from  JBases  which  upon  Ignition  readily  and  completely 

yield  the  Carbonic  Add  with  which  they  are  combined. 
Such  are,  for  instance,  the  carbonates  of  zinc,  cadmium,  lead,  copperi 
Bgnesia,  <bc. 

««  Anhydrous  Carbonates. 

Igmt4;  the  weighed  substance  in  a  platinum  crucible  (carbonates  of 
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cadmium  and  lead  in  a  ]K>rcebiin  crucible).  nBtil  the  vei^?  cf  tIhf-  tc^cv 
rf-inaiiis  coriHtaiit.  The  result*  are,  of  course,  Terr  aorcraTe.  Sir^uiM 
lisiliN;  to  absorb  oxygen  upon  i^rxiiiion  in  the  air  atv-  izz^i^i  iz.  &  vCk' 
iuhf,  t}irou;rh  which  a  stream  of  dnr  carbonic  acid  zas  is  o:«r.di>r:^  Hi 
oarbouic  acid  Ls  iiif*;rred  from  the  loK- 

3.   /ff/rfrafed  Carbonn(^», 

Th»;  substance  is  iji^iitf-d  in  a  bulb-tube  throucli  whidk  dried  *ir.  ^ 
in  |ir**s**rice  of  oxi(]i/able  suVistances,  carbonic  acid  is  rranaiinrdL  ud 
vlii'li  is  rrmnected  with  a  clih>ride  of  calcium  tulie,  bj  zu<4i:«-  -:•:  4  it, 
r|i/-«  -fittiiit^  cork.  During  the  ignition,  the  [•oererior  end  of  ii*^  lei 
tuU-  is,  }»y  nieauK  of  a  suialJ  lamp,  kept  suf&oientiT  Lot  to  preTrLtae 
r;oii'l<Tisation  of  watvr  in  it,  care  being  taken,  however,  to  cuard  ksusM 
burning  ilie  cork.  The  loss  of  weight  of  the  tube  gives  ite  am-'uLtof 
th»j  WHtf.*r-|-tho  carbonic  acid;  the  increase  of  weight  gained  by  ik 
ch  hi  ride  of  calcium  tulie  gives  the  amount  of  the  water,  and  lii^  difo- 
on<.'<*  accor<iingly  that  of  tlie  carbonic  acid.  A  somewhat  wide  glass  refci 
may  also  Ik;  put  in  the  place  of  the  bulb-tube,  and  the  snbst&nce  ictn^ 
duced  into  it  in  a  little  boat,  which  is  weighed  before  and  afier  tk 
oj»eration. 

c.  fSfiparation  from  all  JBaseSy  without  exception,  in  JLn^ydrmu  Cm^ 

nates. 

Fuse  vitrified  borax  in  a  weighed  platinum  crucible,  allow  to  coolxi 
th<;  (h'siccator,  weigh,  tlien  transfer  the  well-dried  substance  to  the cnuibfe 
and  weigh  again.  Tlie  weights  of  both  carbonate  and  borax  are  Au 
HHii-rtaiiU'd.  Tliey  should  Ikj  in  about  the  proportion  of  1  :  -i.  Hrtti 
tlirii  a]>}>liod,  which  is  gradually  increased  to  redness,  and  maintaiiud  it 
this  i<'ni[)<-raturo  until  the  contents  of  the  crucible  are  in  a  state  of  oil 
fusi«»ii.  Th<;  rru(.'i}»h*  is  now  allowed  to  cool,  and  weighed.  The  lossrf 
w<'i''rit  is  carlKniic  acid.     The  results  are  verv  accurate  (Si.HATrcorft.'H)- 

I  must  »(ld  that  b<jrax-glass  may  be  kept  in  a  state  of  fusion  stirti 
h**af  for  4  to  },  an  hour  without  the  occurrence  of  anv  volatilization,  li^ 
that  at  a  whiio  heat  (by  igniting  over  the  gas-bellows),  even  inifr* 
minute's,  it  suIHts  a  decided  loss.*  A  few  bubbles  of  carbonic  idi 
reiiiainiiig  in  th(*  fusing  miiss  arc  without  any  influence  on  theieeult 

d,  S**paraiwn  frovi  all  JJases  uuthout  exception. 

(J'Jstiynotion  of  the  Acid  from  the  loss  oftceiffht,) 

an.  Cnrhoivttr.s  ii:h(n<e  Jia^rs  form  Soluble  Salts  with  Siffphvric  Adi  h^ 
Tlie  process  is  conducted  in  the  apparatus  illustrated  by  fig.  53.  ■,. 
The  siz(;  of  the  flasks  depends  upon  the  capacity  of  the  balance  »W 
the  opfMator  possesses.  Tlie  tube  a  is  closed  at  b  bv  means  of  i*" 
wax  stoj)])er ;  f  tin?  other  end  of  the  tube  a  is  open,  as  are  also  boJli<«f  M^.. 
of  r  and  '/.  The  tlask  />  is  nearly  half  filled  with  concentrated 8uI|A«*  Mr..'" 
u<'i<l ;  tlie  tubesunisi  lit  air-tight  in  the  perforations  of  the  corks,  aw*  Br.^ 
latti.a-  e«[ually  so  in  the  mouths  of  the  llasks.  The  weighed  ^^**'JJB>:. 
is  put  into  A  ;  tliis  llask  is  then  filled  about  one-thinl  with  viter,*  My 
Bcrk  properly  insei  t(?(l,  and  the  aj>paratu8  tai'ed  on  the  balance.  B'^,... 


*.^»« 


♦  Zeitpchrift  f.  analyt.  Cliem.  1,  65.  ^^  M^i-, 

f  Or  with  a  small  i)iece  of  india-rubber  tube,  drawn  over  it,  andhsfinC^"^  M^- 
in  the  other  end  a  short  piece  of  glofis  rod.  IJ'^i:- 


«^ 


»ti. 
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A  few  bubbles  of  air  are  now  sucked  out  of  dy  by  means  of  a  small  india- 
rubber  tube.  This  serves  to  rarefy  the  air  in  ^  also,  and  causes  the  sul- 
phuric acid  in  2?  to  ascend  in  the  tube  c.  The  latter  is  watched  for  some 
time,  to  ascertain  whether  the  column  of  sulphuric  acid  in  it  remains 
stationary,  which  is  a  proof  that  the  apparatus  is  air-tight.  Air  is  then 
again  sucked  out  of  dy  which  causes  a  por- 
tion of  the  sulphuric  acid  to  flow  over  into 
ji.  The  carbonate  in  the  latter  flask  is 
decomposed  by  the  sulphuric  acid,  and 
the  liberated  carbonic  acid,  completely 
dried  in  its  passage  through  the  concen- 
trated sulphuric  acid  in  £,  escapes 
through  d.  When  the  evolution  of  the 
gaa  slackens  a  fresh  portion  of  sulphuric 
acid  is  made  to  pass  over  into  A^  by  re- 
Hewed  suction  through  d/  and  the  same 
operation  is  repeated  until  the  whole  of 
ike  carbonate  is  decomposed.  A  more 
Tigorous  suction  is  now  applied,  to  make 
a  larger  amount  of  sulphuric  acid  pass 
over  into  A,  whereby  the  contents  of  that 
flask  are  considerably  heated ;  when  the 
evolution  of  gas  bubbles  has  completely 
eeased,  the  wax  stopper  on  a  is  opened, 

or  the  glass  rod  removed  from  the  india-rubber  cap,  and  suction  applied 
to  dy  until  the  air  sucked  out  tastes  no  longer  of  carbonic  acid.* 

After  about  3  hours,  the  apparatus  is  replaced  upon  the  balance,  and. 
the  equilibrium  restored  by  additional  weights.  The  sum  of  the  weights 
ao  added  indicates  the  amount  of  carbonic  acid  originally  present  in  the 
aabstance. 

If  the  flasks  A  and  £  are  selected  of  small  size,  the  apparatus  may  be 
ao  constructed  that,  together  with  the  contents,  it  need  not  weigh  above 
•eventy  grammes,  admitting  thus  of  being  weighed  on  a  delicate  balance. 
fXhe  results  obtained  by  the  use  of  this  apparatus,  first  suggested  by  Will 
auid  my^elf^  are  very  accurate,  provided  the  quantity  of  the  carbonic 
midd  be  not  too  trifling.  Manifold  modifications  of  the  apparatus  have 
been  proposed,  principally  in  order  to  make  it  lighter.  See  Geissler's 
pparatus,  p.  291. 

If  sulphites  or  sulphides  are  present,  together  with  the  carbonates,  their 
ijurious  influence  is  best  obviated  by  adding  to  the  carbonate  solution  of 
jr^ow  chroihate  of  potassa  in  more  than  sufficient  quantity  to  efiect  their 
^..  ^Ksidation.  If  chlorides  are  present,  in  order  to  prevent  the  evolution  of 
€'  J^Tdrochloric  acid,  add  to  the  evolution  flask  a  sufficient  quantity  of  sul- 
|r-  pnate  of  silver  in  solution,  or  connect  the  exit  tube  d  with  a  small  prepared 
^  ^v-tube,  which  is,  of  course,  first  tared  with  the  apparatus,  and  afterwards 
-'  ^rei^hed  with  it.  This  U-tube  is  prepared — in  accordance  with  the  happy 
■^posal  of  Stolba — by  filling  with  fragments  of  pumice  which  have  been 
>iled  with  an  excess  of  concentrated  solution  of  sulphate  of  copper,  till 
Air  has  been  expelled,  and  then  dried  and  heated  to  complete  dehy- 
'tion  of  the  copper  salt.  If  the  U-tul'e  is  only  8  cm.  high  and  has 
•*  internal  diameter  of  1  cm.,  it  answers  the  purpose  very  well.     The 

^^^Iq  aoourate  expeximents,  it  is  advisable  to  connect  the  end  b  of  the  tube  a 
^^^  *  ohloxide  of  oaldnm  tube  during  the  process  of  suction. 

Id 
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end  not  connected  with  if  is  prorided  with  »  peifetKted  cork  and  (hot 
glaHB  lube.  We  kpplj  snctioa  to  this  bj  motns  of  a  flexible  tube^  iutad 
of  Wti 

(6.  Carh<»uit«»Kho»e  Saset/ormmtotviU  SaiU  wiik  Sulphurit  Atii. 
The  analysis  of  such  carbciDates  cannot  well  be  effected  by  the  method 
a/i,  tut  the  insoluble  Hulphnte  fonn^  (sulphate  of  lime,  for  inxUnce) 
{iiirtiall  V  protects  the  vEt  iiudecomposed  portion  of  the  carbonste  fnn 
df:c-<>iii|i(isition.  The  apjianituB  is  therefore  modified  as  ahown  in  fig.  £4. 
The  alteration  consists  .simply  in  the  tube  a,  which  contains  a  boS^ 
and  is  drawn  out  to  a  hue  jioiut  at  the  lower  end. 

The  process  is  conducted  us  follows :  llie  weighed  substance  is  put  into 
A,  together  with  water.     The  bulb-tube  a  contains  an  amonnt  of  dilute 
nitric  acid,  more  than  sufficient  for  the  decomposition  of  the  carbouir, 
and  which  is  prevented  from  flowing  through  the  narrow  aperture  of  ihii 
tube  by  the  little  wax  stopper  6.*    Ibe 
point  of  this  tube  must  not  at  firat  dip    I 
into  the  water  in  A,      The  sppuitn 
having  been  tared  on  the  bslance,  tb    I 
tubea  is  carefully  and  cautiously  naTtd 
down,  until  its  point  nearly  touches  tte 
bottom  of  A.     Thewox  stopperi  iniba 
momentarily  raised,  or  the  glass  rud  {*■ 
moved  from  the  india-i-ubber  cap,  »u 
to  allow  a  small  quantity  of  nitric  lai 
to  flow  out  of  the  tube  a ;  and  the  ant 
operation  is  repeated,  until  the  ari* 
natc  is  completely  decomposed.  Hwaa- 
tents  of  A  ai-e  then  heated  to  incijvat 
boiling,  the  stopper   at  6  removed.  It  J 
the  carbonic  acid  sucked  oiittif  tlie*]]*- 
rattis  as  dii'ected  iu  aa.    The  iliniiovticti 
of  weight  is  ascertained  when  the  ifj* 
ratus  IS  completely  cooled. 
Ttwiin)nHccnata;;lancet1iatadifl(ircntconiitnictioamaya)sobegimilD 
f)i<^  ii|i]KLia(iiK;  tlint,  for  instance,  the  tube  C'may  be  connected,  inctMiit' 
wiili  /;,  v.-i(h  11  cKloridH  of  calcium  tube,  or  with  a  tubo  fllled  with  poniR 
hi'stosmoixldijed  with  sulphuric ncid;  slso,  that  the  subfiliw* 
\-/.M  niny  )<o  ]iut  into  a  small  tube,  which  stands  upri^t  rt 
siisjicnileil  fixim  a,  tlm'sd,  but  is  subsequently,  sfter  tuiif 
tux,  upset  or  lowered  into  the  dilute  acid  in  the  flask :  tbt^ 
osiiig  of  a  may  be  efiected  by  means  of  a  compressioD  clin^ 
*<■. 

'I1ie  nppiiriitus  projiosed  by  GEiflSLEiif  is  very  convenient  (seeGf.U)) 
It  ei,>ii)<iKtKof  two  [lartK,  A  Ji  and  C.  6' is  groundinto  theneckof  J(')t 
BO  ns  ti)  cloKii  iiir-tifjht,  and  yet  admit  of  being  readily  remoi'ed,  *• 
iJic  purjiiwo  of  lining  and  emptying;  A.  6  c  is  a  glass  tube,  open  at  ba 
■(nds,  and  gniund  wnter-tight  into  V,  at  the  lower  end  (c)  ;  it  is  ktf*  ■ 
the  pmiii^r  jHMiition  by  nicniis  of  an  easily  movable  cork,  i.  Theilh* 
s  till' conslnii'linn  of  the  apparatus  in  other  respects.  W 
:.     The  wei^ 


Fig,  54. 


U<  b.'  It 
first,  oi- 


cork  e  must  lit  it 


-tight,  a 
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flubstance  is  put  into  A,  water  added  to  the  extent  indicated  in  the 
engraviog,  and  the  substance  shaken  towards  the  side  of  the  flask.  C  ia 
now  filled  nearly  to  the  top  with  dilute  nitric  acid,  with  the  aid  of  a 
pipette,  after  haTing  previously  turned  tUeoorkt  upwards,  without  raising 
b ;  the  cork  is  then  again  twisted  down  again,  tind  (7inaert«d  into  A;  £ia 
filled  somewhat  more  than  half  with  concentra- 
ted sulphuric  add,  and  h  closed  at  the  top  with 
a  little  wax  stopper,  or  a  piece  of  india-rubber 
tube,  with  a  small  glass  rod  inserted  in  it.  After 
taring  the  apparatus,  the  decomposition  is  eflect- 
ed  by  raisin;^  b  a  little,  and  thus  causing  acid 
to  pass  from  0  into  A.  The  carbonic  acid 
escapes  through  k  into  the  sulphuric  acid,  where 
it  is  dried ;  it  then  leaves  the  apparatus  through 
d.  After  the  decomposition  has  been  effected, 
A  is  cautiously  heated  to  incipient  boiling,  the 
8tiOpi>er  on  b  opened,  and  the  carbonic  acid  still 
remaining  in  the  apparatus  sucked  out  through 
<(f  by  means  of  a  small  india-rubber  tube.  The 
apparatus  is  finally  weighed  when  cold. 

If  you  prefer  to  decompose  the  carbonate  with 
hydrochloric  acid,  dry  the  escaping  gas  with  the 
pumice-stone  saturated  with  anhydrous  sulphate 
of  copper  (see  aa),  which  also  retains  hydro- 
idkloric  acid  as  well  as  the  moisture  (Stolba*), 
It  is  well  to  fill  a  light  D-tube  with  this  material. 
The  size  of  the  U-tuhe  should  depend  on  the 
size  of  the  apparatus.  It  can  be  used  as  long  as  a 
third  of  its  contents  remains  uncotored. 


E%.8S. 


[ce.    Carhonatet  which  disMive  freelf/  in  cold- 
dUttte  acid.i 

In  the  processes  hitherto  described,  carbonic  I 
acid  is  determined  by  the  loss  of  weight  of  an  a\> 
paratuR  which  contains  no  carbonic  acid  gas  at  the 
beginning  and  which  must  be  completely  emptied  of  this  gas  at  the  cod 
elusion  of  the  analysis.  It  is  a  matter  of  experience,  however,  that  accn 
rate  results  are  not  attainable  with  certainty  in  this  way.  Nothing 
short  of  actual  boiling  for  some  time  will  expel  all  carbonic  acid  gas  from 
tlie  dilute  acid  liquid.  This  cannot  be  done  conveniently  without  loss  of 
aqueous  vapor.  The  fact  that  good  results  are  often  obtained  is  due  to 
tiie  compensation  of  opposite  errors,  as  the  analyst  may  convince  himself 
by  repeatedly  heating  and  sucking  through  air.  If  the  suction  gu  nn  to 
just  the  right  extent,  the  loss  of  the  apparatus  wilt  exactly  coi-nspond 
to  the  carbonic  acid  that  was  contained  in  the  substance,  but  further 
flxhoustion  of  the  air  will  diminish  the  weight  of  the  ap[iaratuH,  not  by 
•onplete  removal  of  the  carbonic  acid,  but  by  loss  of  aqueous  vapor, 
irhich  easily  escapes  the  desiccating  material.  By  continued  working 
■on  a  carbonate  of  known  composition  one  may  soon  learn  how  long  to 
-^Khaust  in  order  to. bring  out  the  proper  loas,  but  where  the  analyst  is 
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ingiloTR  a  nmpk  m<>dificatic>ii  of  diic  nv1bcML«-bii:L.T[Baa 
[ii'fji'i-  (■•iiiclitioti)^,  (civirE  vt-n- mocunii*  novlu  u>d  fnrui^iiie*  ic  «  p« 
cxtr-iit  its  'iwti  criiitrol.  Tlie  [iroct^B  is  ji(>Tfl  in  tHf  p»rtinUkr.  ik: 
t)i-r  •-liui';ji^l  U[ijnii'atti<i  in  in  ih*^  Sr<n  yhuyr  £l^e4  iriiib  caritifoir  tida  n 
t)ii'  ^iitffituiK.'^  ill  tLeii  ilf-citiipiji^il.  kiid  BE  iwx'ii  ks  di»F2ip>i;fiun.;  ?f  n 
('•■ii"-H,  t)j»  ti]>|>Hmiuii.  Mill  filled  viih  c«r)<>iiio  arid  pas.  if  vrdM 
>i^':'iii.  Ill  tliiK  ntHiiiif-i'  nil  asfiiniTioii  if  dc-ij^  kwhj  winh.  and  litt-  atst- 
j>)v  to  diy  as  mncL  gac  se  i<  Tiel<k<d  bj  iLr  m- 
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,  i-SHL-iitial  tliAt  the  KubetaDt*  tmdn-  exaaantiitm  diwan 
fri-i'ly  and  c<>ni|>li:tfly  in  cold  acid:  It  is  likewise  suxisasy  ib«t  dt 
aiiulysiit  and  vrt<!hiii;n  be  conduct*^  in  an  apanioent  sot  Htble  ■ 
cliantt':  uf  temperature. 

Ill';  a|tfiarati]H  may  conidiit  of  a  light  fla«k  or  bottle  with  vide  moid 
which  is  closed  by  a  soft  rubber  stop]«r,  through  whid  there  raiwvia 
the  one  hand,  a  chloride  of  calcinm  Tcte.tir 
lover  bulb  of  vhich  oontuns  cotton,  toLm 
the  other,  the  neck  of  a  vessel  which  OMtiiB 
the  dilute  acid.  This  acid  iwmi  loir  it  son* 
structed  that  on  suitablT  inclining  it.  itft»- 
tents  will  Hon-  fWely  into  the  flask.  Fitika 
purpose  the  tube  connecting  with  die  hw 
has  an  internal  diameter  of  seven  milliartR% 
and  its  extremity  is  cnt  off  obliqneir:  iii* 
other  end,  the  acid  reservoir  temiinateiii* 
upturned  narrow  tube,  6.  Hiis  and  the  i^ 
termination  of  the  CaCl  tube  are  cLosenrf 
such  diameter  that  they  fit  quite  sDnflji!!''' 
short,  narrow  and  thick-walled  rubberwuM* 
ors  w  h  i  eh  arp  agai  u  provided  wit  b  g!*ss-r>l  H't 
]jers ;  all  these  joints  must  be  gas-ti^t.  li 
figure  3'>  the  apparatus  is  represented  is  OW" 
tliinl  its  proper  dimensions. 

Tlie  weighed  substance,  in  case  of  caitxiBtf 
of  limi',  f.  ;/.,  is  placed  at  the  bottom  <rftk 
Husk,  most  conveniently  in  the  form  of  ^ 
fra^icnts.  Tlie  aciil  vessel  is  nearly  flW 
with  liydrochkirie  Bcid  of  sp.  gr.  M.  'itiJ 
tlie  OaHl  twlie  are  tiphtly  adjusted  to  the  neck  of  Ihe  flask,  and  ^ 
pliiss-rii'l  st.ipjM'i-s  Iwiiij;  r*-nirjV(-ii,  the  a]i]Miratna  ia  connected  at  c"ii 
u  !'r'lf-i-i-;jiil;i(iri<,'  prii'Tnti.r  of  witslied  carKmic  acid,  and  a  rather  nfi 
s'li'iiin  iif  till-  pas  in  ti:iTi?,tiiitred  lliruiigh  the  npparatuB  for  I!>  mbiW 
i<e  until  tli<'  li<jiii<l  in  ''  is  siUin-ntcd  and  the  nir  in  thoroughlj  dbplu^ 
Tlii'ii  llii'  "iifnin;!  iil  '/  i-  stii]iped  and  aftfrwnrd  the  apparatus  isfr 
cunni-ctcd  with  the  ciirlmnic  in'iil  pcneititor  and  stopped  at  e.  PMJ* 
these  iiR  Avell  as  the  sul>sc<|uent  o|ieratii)ns,  the  apjiamtus  must  I*  ■ 
hanillcd  thiit  its  ti-mjieiatiire  sliull  not  chan^ie.  It  is  immedisH 
weiiihed.  When  ivmovcd  from  the  balance, looHcn  the  stopperat if,n 
holding  the  Husk  bv  n  wooden  ckinp,  iucline  it  so  that  the  arid  ^ 


Fig.  56. 
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Ijy  so  that  the  escaping  gas  may  be  thoroughly  dried.  As  soon  as  solu- 
tion of  the  carbonate  is  complete,  replace  the  stopper  at  d^  and  weigh 
again.  Should  there  be  any  leak  in  the  apparatus  the  fact  is  made  evi- 
dent by  a  slow  but  steady  loss  of  weight,  when  it  is  brought  upon  the 
balance.  If  all  the  joints  are  sufficiently  tight,  the  weight  remains  the 
same  for  at  least  fifteen  minutes. 

When  properly  executed  the  process  gives  extremely  accurate  results ; 
a  slight  change  of  temperature  or  of  atmospheric  pi'essure  between  the 
two  weighings  of  course  greatly  impairs  the  results  or  renders  them 
worthless.  Since  the  apparatus  usually  rises  a  little  in  temperature 
during  the  solution  of  the  carbonate,  it  is  better,  as  soon  as  the  substance 
is  decomposed,  to  stopper  the  CaOl  tube  and  let  the  whole  stand  fifteen 
minutes,  then  to  connect  as  before  with  the  gas-generator  and  pass  dried 
CO^  for  a  minute,  and  finally  to  stopper  again  and  bring  upon  the  bal- 
ance. In  seven  analyses  of  pure  calcite  in  quantities  ranging  from  0*5 
to  0*9  grm.,  the  editor  obtained  the  following  percentages  of  carbonic 
acid,  viz.:  44*07,  44*07,  43*98, 44*01,  44*04,  44-11,  44-16;  calculation 
requireil  44*00. 

In  case  of  alkali-carbonates  which   absorb  carbonic  acid  gas,  it  is 
necessary  to  modify  the  apparatus.     Instead  of  the  light  fiask  a,  we  may 
employ  a  small  bottle  of  thick  glass  and  wider  mouth,  and  a  thrice-per- 
forated rubber  stopper.    Through  the  third  orifice  pass  a  narrow  tube  3  to 
4  inches  long  enlarged  below  to  a  small  bulb  to  contain  the  carbonate. 
This  bulb  must  be  so  thin  that  on  pushing  down  the  tube  within  the 
bottle  it  shall  be  easily  crushed  to  pieces  against  the  bottom  of  the  lat- 
ter.    The  carbonate  is  weighed  into  the  bulb-tube,  the  latter  is  wiped 
dean,  down  to  the  bulb,  corked  and  fixed  in  the  stopper.    The  apparatus 
is  filled  as  before  with  CO,  and  weighed.     Then  the  bulb  is  broken  and 
the  process  finished  as  before  described.     In  three  estimations  on  car-^ 
bonate  of  soda  the  editor  found  41-54,  41-64  and  41*58  per  cent,  of  GO,. 
Oalculation  requires  41-51  per  cent.] 

0.  From  all  Saaes  unthout  exception  {^Estimation  of  the  Acid  from  the 
increase  of  weight  of  an  Absorption  Apparatus), 

The  arr^mgement  of  the  apparatus  I  employ  will  be  seen  from  fig.  57. 

a  is  the  evolution  flask  (300  c.  c.)  closed  with  a  doubly-perforated 
india-rubber  cork,  66  is  a  tube  twice  bent  and  expanded  at  c  to  a  small 
bulb,  it  may  be  connected  by  means  of  an  india-rubber  tube  as  required 
either  with  the  little  funnel  d,  or  with  the  tube  e,  which  is  filled  with 
fioda-lime  or  hydrate  of  potassa.  The  U-tube  f  is  filled,  as  regards  the 
bulbed  limb,  with  pieces  of  fused  chloride  of  calcium  ;  as  regards  the 
other  limb,  with  fragments  of  pumice  saturated  with  anhydrous  sulphate 
af  copper  (see  p.  289).  The  U-tube  g  contains  pieces  of  glass,  6 — 10 
drops  of  concentrated  sulphuric  acid,  and  two  little  asbestos  stoppers, 
Qte  tube  A  is  f  filled  with  about  20  grm.  coarsely  granulated  soda-lime, 
sad   towards  the   outer   end   the   remaining  \  is  filled  with  coarsely 

Knulated  chloride  of  calcium,  k  contains  in  the  outward  limb  soda- 
e,  in  the  inner,  chloride  of  calcium,  ^serves  to  free  the  escaping 
eiurbonic  acid  firom  moisture  and  hydrochloric  acid,  g  enables  the  opera- 
tor to  see  the  rate  of  the  evolution  of  gas,  A,  by  its  soda-lime,  takes  iip 
ilie  carbonic  acid  completely,  and  by  its  chloride  of  calcium  prevents 
Mij  evaporation  of  water  from  the  former  (the  soda-lime  gets  warm  on 
absorbing  the  carbonic  acid),  k  serves  to  protect  the  tube  h  (which  has 


294k 


DETEBMIKATIOV. 


[§139 


to  be  weighed)  from  any  moisture,  <feo.,  which  might  penetrate  fix>m  out. 
side.  Tlie  corks  of  g,  h  and  k  must  be  covered  with  sealing-wax.* 
The  absorption  apparatus  is  that  given  by  MuLDEB,f  and  is  here  e8p& 
cially  suitabiv^,  as  the  carbonic  acid  is  mixed  with  much  air,  and  the 
evolution  is  at  times  somewhat  rapid. 


Pig.  67. 

After  the  wt.ighed  substance  has  been  transferred  to  o^  and  a  little  water 
has  been  added  to  it,  weigh  h  and  g  together,  and  connect  the  several  parts 
of  the  apparatus — a  stands  on  a  wire  gauze,  placed  on  a  tripod,  e  is 
fastened  to  a  support,  the  U-tubes  are  suspended  in  a  suitable  manner- 
join  b  to  c/,  and  pour  into  d  a  small  portion  of  mercury,  just  enough  to 
close  the  tube  at  t.  Now  pour  into  d  common  hydrochloric  or  nitric  add 
(previously  diluted  with  an  equal  bulk  of  water),  and  by  gentle  suction 
through  an  india-rubber  tube  at  I  cause  a  small  quantity  of  acid  to  flov 
into  the  flask  6.  The  evolution  of  carbonic  acid  commences  immediateh ; 
its  rate  may  be  seen  from  g ;  if  necessary,  a  gentle  heat  may  be  applied 
When  the  evolution  begins  to  abate,  introduce  more  acid  into  the  flask  in 
the  same  manuer  as  before.  As  soon  as  the  carbonate  is  perfectly  decom- 
posed, fill  d  several  times  with  hot  water,  causing  it  to  flow  into  a.  This 
is  done  in  order  to  wash  into  a  the  small  quantities  of  hydrochloric  acid 
which  remain  in  c,  and  which  possibly  might  have  taken  up  some  carbonic 
acid.  Now  remove  d  and  connect  e  with  h  instead,  heat  the  contents  of  « 
to  gentle  boiling,  which  is  to  be  continued  till  the  first  bulb  of  f  is  hot, 
and  then  by  sucking  at  Z,  draw  air  through  the  apparatus  to  the  extent  of 
six  times  the  volume  that  a  contains.  This  suction  isbesteflectedbyan 
aspirator.  When  this  has  been  done,  separate  a  from^,  allow  A  to  co(d 
completely,  remove  h  and  </,  and  weigh  them  together.  The  increase  of 
weight  of  these  is  the  exact  expression  of  the  carbonic  acid  in  the  suh- 
stance.  The  accuracy  of  the  results  leaves  nothing  to  be  desired.  We 
have  the  bases  without  any  impurity,  and  completely  dissolved  in  hydrth 
chloric  or  nitric  acid. 

The  tube  g  is,  after  use,  closed  at  both  ends,  and  retains  its  utility  along 

♦  Or  caoutchouc  Btoppera  may  be  used.     For  small  U-tubes,  half  an 
fleshy  india-rubber  tubing  forms  an  excellent  joint 
t  Zeitaohrift  f.  aualyt.  Chem.  1,  2. 
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time.  The  tube  h  can  also  be  used  repeatedlj  without  being  vefiM 
The  second  time  it  is  employed  connect  it^  for  the  nhe  of  preoMitkn,  vift 
a  separately  weighed  tube  of  the  small  kind.  The  latter  raray  incfeneiii 
weight,  and  the  first  tube  can,  thereforOi  be  then  used  a  thud  tina  If 
after  this  the  second  tube  has  beoome  heavier,  at  the  fourth  opsitioi 
reject  the  first  tube,  and  use  the  second  tube  alone,  and  so  on. 

When  large  quantities  of  carbonic  add  are  to  be  absorbed,  the  iibe  J 
may  be  replaced  with  advantage  by  a  Lixbio's  potash  apparatus. 


y.  Separ€tHonfram  oil  JBcuei  vnthaut  exoepiian  (Siiimaiion  ofAnAcli 
by  JEaopultUm,  AbwrpUan,  and  VokmePne  Ancdjftii). 

It  is  sometimes  advantageous,  especially  in  the  eatimation  of  ivj 
small  quantities  of  carbonic  add,  to  recdve  the  same  in  a  known  Tohne 
of  standard  lime-  or  baryta-water,  and  to  oomplete  the  analynsaootidqg 
to  Fsttxnkofbb's  prindple  (L,  6,  3). 

■ 

g.  JEMmaiion  by  Meaawring  the  Oat. 

This  process  is  applicable  in  the  case  of  all  salts  which  axe  deoompedl 
by  hydrochloric  acid  in  the  cold.  It  is  distinguished  for  TKpAmAta^ 
venient  execution  and  very  satiafiftotoiyzesults.    [Thaaiotomete^^i^ 


Fig.  68 

is  employed,  and  the  details  of  the  process  are  for  the  most  part  4o^ 
to  those  followed  in  the  estimation  of  ammonia  as  described  on  I^  vj 
The  weighed  carbonate  is  put  in  the  bottle  a,  and  thetubey^isdbl^ 
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ith  5  cc  of  H.  CI.,  sp.  gr.  ri25.  When  the  burette  is  adjusted  to  zero, 
le  acid  is  poured  at  once  upon  the  carbonate.  The  precautions  to  be 
»served  in  the  measurement  of  the  gas  are  as  detailed  on  page  161. 
is  not  needful  to  wait  so  long  for  the  gas  to  cool.  The  necessary 
rrections  ai-e  applied  by  aid  of  the  foregoing  tables  given  by  Dietrich,* 
».  295-6-7.  Their  use  is  perfectly  sinular  to  that  of  the  tables  given 
L  pages  160  and  162-3.] 

§  uo. 

2.  Silicic  Acn>. 

L  DetermincUion. 

The  direct  estimation  of  silicic  acid  is  invariably  effected  by  con- 
irting  the  soluble  modification  of  the  acid  into  the  insoluble  modiiica- 
)n,  by  evaporating  and  completely  drying ;  the  insoluble  modification  ia 
en,  after  removal  of  all  foreign  matter,  ignited  and  weighed. 
For  the  guidance  of  the  student  I  would  observe  here  that,  to  guard 
;ainst  mistakes,  he  should  always  test  the  purity  of  the  weighed  ailicicacid, 
he  methods  of  testing  will  be  found  below. 

If  you  have  free  silicic  acid  in  the  state  of  hydrate,  in  an  aqueous  or 
dd  solution  free  from  other  fixed  bodies,  simply  evaporate  the  solution  in 
platinum  dish,  ignite  and  weigh  the  residue. 

XL  Separation  of  Silicic  Add  from  the  ^ases, 

a.  InaU  compounds  which  are  decomposed  by  Syd/rocMoric  or  Nitric 
Acidj  on  digestion  in  open  vessels. 

To  this  class  belong  the  silicates  soluble  in  water,  as  well  as  many  of  the 
loiuble  silicates,  as,  for  instance,  nearly  all  zeolites. 
t^lxe  compound  under  examination  is  very  finely  pulverized,  the  powder 
©cl  at  100°  (not  above),  and  put  into  a  platinum  or  porcelain  dish  (in 

oase  of  silicates  whose  solution  might  be  attended  with  disengagement 
cililorine,  platinum  cannot  be  used) ;  a  little  water  is  then  added,  and 

jDowder  mixed  to  a  uniform  paste.     Moderately  concentrated  hydro- 
>i4c  acid,  or — if  the  substance  contains  lead  or  silver — ^nitric  acid,  is 
added,  and  the  mixture  digested  at  a  very  gentle  heat,  with  constant 
ing,  until  the  substance  is  completely  decomposed,  in  other  terms  until 

^lass  rod,  which  is  rounded  at  the  end,  encounters  no  more  gritty 
^cier,  and  the  stirring  proceeds  smoothly  without  the  least  grating. 
I-he  silicates  of  this  class  do  not  all  comport  themselves  in  the  same 
^^ner  in  this  process,  but  show  some  differences ;  thus  most  of  them 
^  a  bulky  gelatinous  mass,  whilst  in  the  case  of  others  the  silicic 
i    separates  as  a  light  pulverulent  precipitate ;  again,  many  of  them 

decomposed  readily  and  rapidly,  whilst  others  require  protracted 
^^tion. 

^hen  the  decomposition  is  effected,  the  mixture  is  evaporated  to  dry- 
'^  on  the  water-bath,  and  the  residue  heated,  with  frequent  stirring, 
'il  all  the  small  lumps  have  crumbled  to  pieces,  and  the  whole  mass  is 
^^ughly  dry,  and  until  no  more  acid  fiimes  escape.  It  is  always  the 
••<  way  to  conduct  the  operation  of  drying  on  the  water-bath.  Occa- 
9^1  J  it  is  well  to  moisten  the  dry  mass  with  water  and  evaporate  again. 

*  Fres.  ZeitBohrift,  iv.,  11,  142-145. 
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In  oaaes  where  it  appears  desirable  to  aooeieniteihe  desiecatiiOtt  hy  tin  y 
plication  of  a  stronger  heat^  as  when  detiquescent  ddorides  an  prawt) 
an  air-bath  may  be  had  reoourse  to ;  which  may  be  ouastnicied  ii  f 
simple  way,  by  suspending  the  dish  oontaining  the  substaaoe^  with  tk 
aid  of  wirOi  in  a  somewhat  larger  dish  of  silver  or  irom,  in  a  msuerlB 
leave  everywhere  between  the  two  dishes  a  small  spaoe  of  nnifinBvitti 
Direct  heating  over  the  lamp  is  not  advisable,  as  in  the  most  tikaa^ 
heated  parts  Uie  silicic  acid  is  liable  to  unite  again  with  the  sqMailri 
bases  to  compounds  which  are  not  decomposed,  or  only  imperfectly,  hj 
hydrochloric  acid. 

When  the  mass  is  cold,  it  is  brought  to  a  state  of  semi-fluidify  ly 
thoroughly  moistening  it  witli  hydrochloric  acid ;  after  which  it  is  tXkmt 
to  stand  for  half  an  hour,  then  warmed  on  a  water-bath,  diluted  witkW 
water,  stirred,  allowed  to  deposit,  and  the  fluid  decanted  on  to  a  filter ;  Ihi 
residuary  silicic  add  is  again  stirred  with  hot  water,  and  the  fluifi  oM 
moi-e  decanted ;  after  a  third  repetition  of  the  same  operation,  thepnO' 
pitate  also  is  transferred  to  the  filter,  thoroughly  washed  with  hot  valer, 
well  dried,  and  ignited  at  last  as  strongly  as  possible,  as  directed  in  8  ftStf 
in  §  53.  For  the  properties  of  the  residue,  see  §  93,  9.  The  resiiiti«< 
accurate.  The  bases,  which  are  in  the  filtrate  as  diloxides,  are  detenuno' 
by  the  methods  given  above.  Deviations  from  the  instructions  here  gif* 
are  likely  to  entaO  loss  of  substance ;  thus,  for  instance,  if  the  mssi  iixA 
Hkorougfdy  dried,  a  not  inconsiderable  portion  of  the  silicio  acid  paamiiite 
the  solution,  whereas  if  the  instructicms  are  strictly  complied  witli,od^ 
traces  of  the  acid  are  dissolved ;  in  accurate  analyses,  however,  even  nA 
minute  ti*aces  must  not  be  neglected,  but  should  be  separated  from  tk 
bases  precipitated  from  the  solution.  This  separation  may  be  reidi^ 
effected  by  dissolving  them,  after  ignition  and  weighing,  in  hydrocUoiK 
or  sulphuric  acid,  by  long  digestion  in  the  heat ;  the  minute  portion  d 
silicic  acid  \a  left  undissolved.  Again,  if  the  silicic  acid  is  not  thanmgtiji 
dried  previous  to  ignition,  the  aqueous  vapor  disengaged  upon  the  npi^ 
application  of  a  strong  heat  may  carry  away  particles  of  the  light  and  looie 
silica. 

The  purity  of  the  tdlicic  acid  *  may  be  conveniently  tested  in  the  fol- 
io wing  manner : — Heat  a  moderately  concentrated  solution  of  pure  ctfbo- 
nato  of  soda  to  boiling,  in  a  silver  or  platinum  dish,  or  in  a  porcelain  dtfli, 
and  add  a  small  quantity  of  the  silicic  acid.  If  it  dissolves  compMy» 
this  is  a  proof  of  its  purity  ;  but  if  it  leaves  a  residue,  the  remainder  of 
the  Hilicic  acid  must  be  weighed,  and  the  amount  of  impurity  deten&ii^ 
as  directed  in  ft,  and  the  result,  of  course,  calculated  to  the  whole  tmoim* 
of  the  silica. 

If  you  have  pure  hydrofluoric  acid,  you  may  also  test  the  purity  of  t]i0 
silicic  acid  in  a  very  easy  manner,  by  treating  it  with  this  acid  and  soD^ 
sulphuric  acid  in  a  platinum  dish ;  upon  the  evaporation  of  the  solstioiH 
the  silicic  acid,  ifptire,  will  volatilize  completely  (as  fluoride  of  silicon). 
If  a  residue  remains,  moisten  this  once  more  with  hydrofluoric  add,  sdds 
few  drops  of  sulphuric  acid,  evaporate,  and  ignite ;  the  residue  confflstsof 
the  sulphates  of  the  bases  which  were  mixed  with  the  sUicic  add,  si  v^ 
%s  any  titanic  acid  that  was  present  (Berzelius). 


*  This  testing  is  more  especiallj  necessaiy  in  oases  where  the  sQiolo  ifltf  ^ 
separated,  not  in  the  gelatmous  state,  but  in  the  pulverolent  form. 
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•   Compounda  which  are  not  decomposed  by  Hydrochloric  Acid  or 
Nwric  Acidy  on  digestion  in  open  vessels. 

Decomposition  by  Fusion  vnth  Alkaline  OarboncUe, 

luce  the  substance  to  an  impalpable  powder,  by  trituration  and 
( (8  25)  ;  transfer  to  a  platinum  crucible,  and  mix  with  about  4  times 
jight  of  pure  anhydrous  carbonate  of  soda,  with  the  aid  of  a  rounded 
rod ;  wipe  the  rod  against  a  small  portion  of  the  carbonate  of  soda 
ird,  and  transfer  this  also  from  the  card  to  the  crucible.  Cover  the 
well,  and  heat,  according  to  size,  over  a  gas-  or  spirit-lamp  with 
3  draught,  or  a  blast  gas-lamp ;  or  insert  in  a  Hessian  crucible, 
bctly  filled  up  with  calcined  magnesia,  and  heat  in  a  charcoal  fire, 
ply  at  first  a  moderate  heat  for  some  time  to  make  the  mass  simply 
inate  ;  the  carbonic  acid  will,  in  that  case,  escape  from  the  porous 
vrith  ease  and  unattended  with  spirting.  Increase  the  heat  after- 
,  finally  to  a  very  high  degree,  and  terminate  the  operation  only 
the  mass  appears  in  a  state  of  calm  fusion,  and  gives  no  more 

BS. 

t  platinum  crucible  in  which  the  fusion  is  conducted  must  not  be  too 
;  in  fact,  the  mixture  should  only  half  fill  it.  The  larger  the  crucible, 
3S  risk  of  loss  of  substance.  As  it  is  of  importance  to  watch  the 
588  of  the  operation,  the  lid  must  be  easily  removable ;  a  concave 

simply  lying  on  the  top,  is  therefore  preferable  to  an  overlapping 
In  heating  over  a  lamp,  the  crucible  should  always  be  supported  on 
igle  of  platinum  wire  (see  fig.  40,  p.  64),  with  the  opening  just 
ently  wide  to  allow  the  crucible  to  drop  into  it  fully  one-third,  yet 
lin  it  fii*mly,  even  with  the  wire  at  an  intense  red  heat.  When  con- 
ig  the  process  over  a  sim])le  gas-lamp,  it  is  advisable,  towards  the 
:'  the  opei*ation,  when  the  heat  is  to  be  raised  to  the  highest  degree, 
i  a  chimney  over  the  crucible,  with  the  lower  border  resting  on 
ids  of  the  iron  triangle  which  supports  the  platinum  triangle  ;  this 
ey  should  be  about  12  or  14  cm.  high,  and  the  upper  opening  meas- 
>out  4  cm.  in  diameter. 

len  the  fusion  is  ended,  the  red-hot  crucible  is  removed  with  tonga, 
laced  on  a  cold,  thick,  clean  iron  plate,  on  which  it  will  rapidly 
it  is  then  generally  easy  to  detach  the  fused  cake  in  one  piece, 
)  cake  (or  the  crucible  with  its  contents)  is  put  into  a  beaker,  from 
15  times  the  quantity  of  water  poured  over  it,  and  hydrochloric  acid 
ally  added,  or,  under  certain  circumstances,  nitric  acid  ;  the  beaker 
t  covered  with  a  large  watch-glass  or  porcelain  dish,  perfectly  clean 
le,  to  prevent  the  loss  of  the  drops  of  fluid  which  the  escaping  car- 
acid  carries  along  with  it ;  the  drops  thus  intercepted  by  the  cover 
fcerwards  rinsed  into  the  beaker.  The  cnicible  is  also  rinsed  with 
acid,  and  the  solution  obtained  added  to  the  fluid  in  the  beaker. 

solution  is  promoted  by  the  application  of  a  gentle  heat,  which  is 
ued  for  some  time,  to  insure  the  expulsion  of  the  carbonic  acid ; 
)therwise  some  loss  of  substance  might  be  incurred,  in  the  subse- 
evaporation,  by  spii-ting. 

1  treating  the  fused  mass  with  hydrochloric  acid,  a  powder  subsides 
de  of  sodium  or  chloride  of  potassium),  more  water  is  required. 
be  decomposition  of  the  mineral  has  succeeded,  the  hydrochloric 
n  is  either  i^erfectly  clear,  or  light  flakes  of  silicic  acid  only  float 

But  if  a  heavy  powder  subsides,  which  feels  gritty  under  the 
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^lasB  rod,  this  oonsiBtB  of  undeoompoaed  minenJ.  Tlie  omm  of  mk 
ini[)erfeot  decomposition  is  generally  to  be  ascribed  to  imperfect  pahw* 
cation. 

In  such  cases  the  undeoompoaed  portion  may  be  fbaed  once  moRviA 
carbonated  alkali ;  the  better  way,  however,  is  to  repeat  the  prooen  lift 
a  fresh  portion  of  mineral  more  finely  pulTerized. 

Tlie  hydrochloric  or  nitric  solution  is  poured,  together  withtlMpn- 
dpitate  of  silicic  acid,  into  a  porcelain,  or,  better,  into  a  platinum  ^  ^ 
and  treated  as  directed  in  II.,  a. 

That  the  fluid  may  not  be  too  much  diluted,  the  beaker  should  be  liaaBd 
only  once,  or  not  at  all,  and  the  few  remaining  drops  of  solution  dried  n 
it ;  the  tnfling  residue  thus  obtained  is  treated  in  the  same  waj  ai  ds 
residue  left  in  the  evaporating  basin. 

This  is  the  method  most  commonly  employed  to  effect  the  deoompoatui 
of  silicates  that  are  undecomposable  by  acids ;  that  it  cannot  Ife  ufidto 
determine  alkalies  in  silicates  is  evident. 

/S.  Decompofiiion  hy  means  of  Hydrofliuoric  Add* 

The  finely-pulverized  silicate  is  mixed,  in  a  platinum  dish,  with  nth* 
concentrated,  slightly  fuming  hydrofluoric  acid,  the  acid  beiiig  idM 
gradually,  and  the  mixture  stirred  with  a  thick  platinum  wire,  lie  na- 
ture, which  has  the  consistence  of  a  thin  paste,  is  digested  some  tune  est 
water-bath  at  a  gentle  heat,  and  pure  concentrated  sulphuric  add,  dflotol 
with  an  equal  quantity  of  water,  is  then  added,  drop  by  drop,  in  more  tltf 
suflicient  quantity  to  convert  all  the  bases  present  into  sulphates.  A* 
mixture  is  evaporated  on  the  water-bath  to  diyness,  during  i^ 
operation  fluoride  of  silicon  gas  and  hydrofluoric  acid  gas  are  contmaA% 
volatilizing ;  it  is  finally  exposed  to  a  stronger  heat  at  some  height  abow 
the  lump,  until  the  excess  of  sulphuric  acid  is  almost  completelj  «** 
pelled.  The  mass,  when  cold,  is  thoroughly  moistened  with  concentmted 
hydrochloric  acid,  and  allowed  to  stand  for  one  hour ;  water  is  then  added, 
and  a  gentle  heat  applied.  If  the  decomposition  has  fully  socceeded, 
the  whole  must  dissolve  to  a  clear  fluid.  If  an  undissolved  residue  i» 
left,  the  mixture  is  heated  for  some  time  on  the  water-bath,  then  allowed 
to  d(;posit,  the  clear  supernatant  fluid  decanted  as  far  as  practicable^ 
the  residue  dried,  and  then  treated  again  with  hydrofluoric  add  and  sw' 
phuric  acid,  and,  lastly,  with  hydrochloric  acid,  which  will  now  effect 
C(>m])lete  solution,  provided  the  analyzed  substance  was  very  finely  p^ 
verized,  and  fi-ee  from  baryta,  strontia  (and  lead).  The  solution  is  added 
to  the  first.  The  bases  in  the  solution  (which  contains  them  as  sulphates, 
and  contains  also  free  hydrochloric  acid)  are  determined  by  the  methods 
which  will  be  found  in  Section  V. 

The  hydrofluoric  acid  may  also  be  employed  in  combination  with  hydr^ 
chloric  acid;  thus  1  grm.  of  finely  elutriated  felspar,  nuxedwith40c^ 
water,  7  c.  c.  hydrochloric  acid  of  25^  and  3^  c.  c.  hydrofluoric  acid,  and 
heated  to  near  the  boiling  point,  dissolves  completely  in  three  minutes- 
4  c.  c.  sulphuric  acid  are  then  added,  the  sulphat-e  of  baryta  which  sep** 
rates  is  filtered  off",  and  the  filtrate  evaporated  till  no  more  hydro6nfl*** 
acid  escapes  (  Al.  Mitscherlich  *). 

The  execution  of  the  method  requires  the  greatest  possible  care  ^^ 
the  liquid  and  the  gaseous  hydrofluoric  acid  being  most  iigurioQi  ^ 

•  JouriL  f.  prokt  Chem.  81,  lOa 
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inces.  The  treatment  of  tiie  silicate  with  the  acid  and  the  evaporation 
ist  be  conducted  in  the  open  air,  otherwise  the  windows  and  all  glass 
paratus  wiU  be  attacked.  As  the  silicic  acid  is  in  this  method  simply 
ferred  from  the  loss,  a  combination  with  the  method  a  is  often  resorted 
.     [See  also  §  160,  8tl.] 

[y.  Decomposition  by  ignition  with  Carbonate  of  lAme  and  CJJAride 
Ammonium,     Pbof.  J.  L.  Smithes  Method  for  separating  alkalies. 

iVIix  1  part  of  the  pulverized  silicate  with  1  part  of  dry  chloride  of 
imonium,*  by  gentle  trituration  in  a  smooth  mortar,  then  add  8  parts 
carbonate  of  lime  (Qual.  Anal.  p.  83)  and  mix  intimately.  Bring  the 
xture  into  a  platinum  crucible,  rinsing  the  mortar  with  a  little  car- 
nate  of  lime.  Warm  the  crucible  gradually  over  a  small  Bunsen  bum- 
until  fumes  of  ammonia-salts  no  longer  appear,  then  heat  to  full  red- 
»8,  but  not  too  intensely,  for  from  30  to  40  minutes.f  The  mass  should 
iter  together,  but  not  fuse.  When  cold  it  may  be  usually  detached  with 
ie  from  the  crucible.  It  is  heated  to  boiling  in  a  capsule  with  100  c.  c. 
water  for  several  hours,  or  imtil  it  is  entirely  disintegrated  and  no 
mps  remain.  Should  the  mass,  from  overheating,  remain  paiiiially  co- 
reut  after  long  boiling,  it  may  be  transferred  to  a  porcelain  mortar  and 
ound  finely,  and  then  boiled  as  before.  Certain  silicates,  c.  g,  those  con- 
bdng  much  protoxide  of  iron,  fuse  easily  with  the  proportions  of  flux 
ove  given.  In  their  case  it  is  better  to  repeat  the  ignition  on  a  new 
rtion,  using  10  or  12  parts  of  carbonate  of  lime  and  bringing  only  the 
v^er  three-fourths  of  the  crucible  to  a  red  heat. 

rhe  fluxed  mass,  when  completely  disintegrated  by  boiling  with  water, 
ids  to  this  solvent  all  the  alkalies,  with  some  chloride  of  calcium  and 
Lstic  lime.  It  is  filtered  and  well  washed.  To  the  liquid  is  added  carbon  ate 
aonmonia  (1 — 2  grms.)  in  solution,  and  the  whole  is  evaporated  to  a 
It  of  about  30  c.  c.  Then  a  little  more  carbonate  of  ammonia,  with 
te  caustic  ammonia,  is  added,  to  insure  complete  separation  of  the  lime. 
k«r  and  collect  the  filtrate  and  washings  in  a  weighed  platinum  cap- 
a,  evaporate  to  dryness  on  the  water-bath,  dry  further,  supporting  the 
^Tile  within  an  iron  cup  to  which  heat  is  applied,  and  finally  heat  care- 
1-3^  almost  to  redness,  to  expel  ammonia-salts.  When  cool,  weigh.  The 
^li-chlorides  thus  obtained  are  nearly  pure ;  but  on  dissolving  in  a  few 
I>8  of  water,  a  little  black  residue  is  usually  seen.  This  may  be  re- 
^^,  if  weighable,  by  filtration,  using  a  very  small  filter.  Prof. 
^Th's  method  is  by  far  the  most  convenient  and  accurate  for  separa- 
^  alkalies  from  a  silicate,  and  is  universally  applicable,  except,  perhaps, 
^tesence  of  boracic  acid.  J 

^e  chloride  of  ammonium  is  best  obtained  in  a  palvemlent  condition  by  dis- 
isg  some  of  the  salt  in  hot  water  and  evaporating  rapidly ;  the  greater  portion 
■lie  chloride  of  ammonium  will  deponit  itself  in  a  pulverulent  condition,  the 
•^r  ia  poored  off,  and  the  salt  thrown  on  bibulous  paper,  allowed  to  dry ;  the 
1  desiccation  being  carried  on  in  a  water-bath,  or  in  any  other  way  with  a 
Responding  temperature. 

-An  oidinazy  portable  furnace,  with  a  conical  sheet-iron  cap,  of  from  two  'to 
i«  feet  high,  likewise  answen  the  puipose  perfectly  well,  all  the  requisite 
t  being  afforded  bj  it. 
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Second  Group. 

Htdbochlobic  Acid — Hydrobromic  Acid — ^Htdriodio  Acid — Bxm 

CYANIC  Acid — Hydrosulphuric  Acid. 

§  141. 
1.  Hydrochloric  Acid. 
I.  Determination. 

Hydrochloric  acid  may  be  determined  very  aocuratelj  in  tlie  graTimetc 

as  well  as  in  the  volumetric  way.* 

a.    Gravimetric  Metfiod, 

Determination  as  CIdoride  of  Silver. 

Solution  of  nitrate  of  silver,  mixed  with  some  nitric  acid,  is  MxA  ■ 
excess  to  the  solution  under  examination,  the  precipitated  chloride  is  ma^ 
to  unite  by  application  of  heat  and  shaking,  washed  by  decantatioiijdrie^ 
and  ignited.     The  details  of  the  process  have  been  given  in  §  115,  ],d^c 
Care  must  be  taken  not  to  heat  the  solution  mixed  with  nitric  acic^  htkn 
the  solution  of  nitrate  of  silver  has  been  added  in  excess.     As  soon  tidi 
latter  is  present  in  excess,  the  chloride  of  silver  separates  iimnediAteiraW 
completely  upon  shaking  the  vessel,  and  the  supernatant  fluid  becomes }» 
fectly  clear  after  standing  a  short  time  in  a  warm  place.     The  detennn^ 
tion  of  hydrocliloric  acid  by  means  of  silver  is  therefore  more  nii^ 
efl'ected  than  that  of  silver  by  means  of  hydrochloric  acid.     In  theowrf 
smaller  quantities  of  chloride  of  silver,  the  precipitate  is  often  colledaifli 
a  filter ;  see  §  1 15,  1,  a,  ^.     Or  the  two  methods  may  be  combined  Ditl> 
way — that  the  chief  portion  of  the  precipitate  is  washed  by  dectntilifli^ 
dried  in  the  porcelain  crucible,  and  ignited,  the  decanted  fluid  ^ 
passed  through  a  filter,  to  make  quite  sure  that  not  a  particle  of  cbkiifc 
of  silver  be  lost.     The  filter  is,  after  drying,  incinei-ated  on  the  inTaw 
cover  of  the  porcelain  crucible,  the  ashes  are  treated  with  a  few  dropi* 
nitric  acid,  some  hydrochlonc  acid  is  added,  the  niixture  evapoTit«d  |i 
dryriosa,  the  rf^siilue  g(.»Titly  ignited,  and  the  lid  replaced  onthecrucibfe* 
which  the  chloride  has  beon  heated  to  incipient  fusion ;   a  gentle  W 
Ls  thon  once  more  applied,  after  which  the  crucible  is  allowed  to  cool  »>•■ 
the  desiccator,  and  then  weighed. 

h.    Vbhimetric  Jfethods, 

a,    Ihj  Solution  of  Nitrate  of  Silver, 

This  convenient  and  accumte  method  requires  a  perfectly  neatnl  lot 
tion  of  nitrate  of  silver  of  known  value.     [This  is  best  preptre^'J 
weighing  off  in  a  porcelain  crucible  about  4*8  grm.  of  clean  ciystJh* 
iiitnite  of  silver,  fusing  it  at  the  lowest  possible  heat,  and  then  Mcert* 
«  ing  its  weight  accurately.    After  fusion  it  should  weigh  a  Hide  ihow^ 
4*7t)33  gijii.,  lh(?  quantity  that,  contained  in  a  litre  of  water,  gi^**^K 
lutiou  of  which  1  c.  c.  =*001  grm.  of  chloiine.     The  fused  aJ**^K 
solved  in  a  little  warm  water,  the  solution  brought  into  a  litre  flaA» 
filled  to  the  mark,  observing  the  usual  precautions  as  to  tempen^U 
&c.     \\nien  thus  adjusted,  add  to  the  contents  of  the  flask,  frM»»* 
rette,  enough  water  to  bring  the  excess  of  nititite  of  silver  above  4'T 
grms.  to  the  requisite  dilution. 


!l 


For  the  acidimetric  estimation  of  free  hydrochlorio  add,  see  §  SOi 
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gnn.       0.  o,  grill.  o.  n, 

4-7933  :  1000  ::  Excess  over  47933 :  Excess  over  lODO. 

[lis  way  it  is  easy  with  a  burette  and  a  litre  ilask  to  make  a  per- 
iccurate  standard  solution,  while  this  would  be  hardly  possible 
the  operator  weigh  off  less  than  4*7933  grm.  of  nitrate  of  silver, 
solution,  which  may  be  preserved  in  a  well-corked  bottle  inde5- 
without  change,  is  next  tested  by  means  of  pure  chloride  of  sodi- 
Cither  an  equivalent  solution  is  made  by  dissolving  1*6480  grm. 
3oarsely  powdered  and  gently  ignited  salt  in  1  litre  of  water,  and 
a  of  20  c.  c.  are  taken,  or  several  portions  of  the  dry  salt,  0*05 
•e  weighed  off  and  dissolved,  each  in  a  separate  beaker,  in  20 — 30  c. 
iter.  To  each  solution  2  drops  of  a  cold  saturated  solution  of  pure 
chromate  of  potassa  is  added.] 

I  MoHR^s  burette  (if  it  has  an  Erdmann's  float  so  much  the  better) 
ero  with  the  silver  solution,  and  allow  to  drop  slowly,  with  con- 
itirring,  into  the  light  yellow  solution  contained  in  one  of  the 
J.  Each  drop  produces,  where  it  falls,  a  red  spot,  which  on  stir- 
§appears,  owing  to  the  instant  decomposition  of  the  chromate  of 
nth  the  chloride  of  sodium.  At  last,  however,  the  slight  red  col- 
remains.  Now  all  chlorine  has  combined  with  silver,  and  a  little 
te  of  silver  has  been  permanently  formed.  [The  number  of  c.  c.  of 
3lution  should  be  equal  to  the  number  of  milligrammes  of  chlorine 
Na  CI  employed.  An  excess  of  about  0*2  c.  c.  of  silver  solution  will 
dred  to  produce  a  visible  coloration,  and  hence  this  quantity  may 
ucted  from  the  amount  used.  Should  repeated  trials  show  that 
ver  solution  is  not  of  exactly  the  intended  strength,  it  may  be 
t  to  the  precise  standard  by  addition  of  water  or  nitrate  in  requi- 
antity.  It  is,  however,  ordinarily  better  to  take  the  mean  of 
accordant  determinations  of  the  quantity  of  chlorine  precipitated 
c.  of  the  silver  solution,  and  write  this  number  on  the  label  of  the 
to  be  employed  as  a  factor  into  which  the  no.  of  c.  c.  of  silver  so- 
required  in  any  analysis  is  to  be  multiplied  to  find  the  quantity  of 
B  sought  for.] 

g  now  in  possession  of  a  standard  silver  solution,  and  being  practised 
tly  hitting  the  transition  from  yellow  to  the  shade  of  red,  we  can 
Lne  with  precision  hydrochloric  acid  or  chlorine  in  tlie  form  of  a 
3  chloride  soluble  in  water.  The  fluid  to  be  tested  must  be  neu- 
•ee  acids  dissolve  the  chromate  of  silver.  The  solution  of  the  sub- 
is  therefore,  if  necessary,  rendered  neutral  by  addition  of  nitric 
carbonate  of  soda  (it  should  be  rather  alkaline  than  acid),  about 
J  of  the  solution  of  yellow  chromate  added,  and  then  silver  from 
ette,  till  the  reddish  coloration  is  just  perceptible, 
le  operator  fears  he  has  added  too  much  silver  solution,  t.e.,  if  the 
or  is  too  strongly  marked,  he  may  add  1  c.  c.  of  a  solution  of 
3  of  sodium  containing  1*6486  in  a  litre  (and  therefore  corre* 
ig  to  the  silver  solution),  and  then  add  the  silver  drop  by  drop 
Of  course  in  this  case  1  c.  c.  must  be  deducted  from  the  amount 
r  solution  used, 
results  are  very  satisfactory. 

laid  to  be  analysed  should  be  about  the  same  volume  as  the  solu- 
aployed  in  standardizing  the  silver  solution,  and  also  about  the 
•cngth,  otherwise  the  small  quantity  of  silver  which  produces  the 

20 
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coloration  will  not  stand  in  the  same  proportion  to  tho  chlorine  preseni 
This  small  quantity  of  silver  solution  is  extremely  small,  about  0'20  ce^ 
the  inaccuracy  hereby  arising  even  in  the  case  of  quantities  of  chloiini 
difFeiing  widely  from  that  originally  used  in  standardizing  the  sUver  so- 
lution is  therefore  almost  inconsiderable..  If  the  amount  of  silver  sohi' 
tion  necessaiy  to  impart  the  coloration  always  remained  the  same,  "w« 
should  have  simply  to  deduct  the  amount  in  question  with  all  expeii- 
ments  in  order  to  avoid  this  small  inaccuracy  entirely ;  since,  however, 
this  is  not  the  case,  but,  on  the  contrary,  much  chloride  of  silver  requim  . 
somewhat  more  chromate  of  silver  for  visible  coloration,  than  less  chlo- 
ri(l(^  of  silver,  this  method  of  proceeding  would  not  always  increase  the 
exactness  of  the  results. 

0.  Jit/  Solution  of  titrate  of  Silver  and  Iodide  of  Starch  (Pisani^i 
method*). 

Add  to  the  solution  of  the  chloride,  acidified  with  nitric  acid,  a  sli^ 
excr»ss  of  solution  of  nitmte  of  silver  of  known  strength,  warm,  and  filter. 
D(^toi*mine  the  excess  of  silver  in  the  filtrate  by  means  of  solution  of  iodide 
of  starch  (see  p.  215),  and  deduct  this  from  the  amount  of  silver  soluticm 
ttsed.  The  difference  shows  the  quantity  of  silver  which  has  combined 
with  the  chlorine  ;  calculate  from  this  the  amount  of  the  latter.  Resulti 
fiatisfactory. 

Of  these  volumetric  methods  of  estimating  chlorine,  the  first  deserves 
che  preference  in  all  ordinary  cases.  Pisani's  method  (6,  j3)  is  especially 
suited  for  the  estimation  of  very  minute  quantities  of  chlorine,  but  is  not 
applicable  when — as  in  nitre  analyses — large  quantities  of  alkaline  nitrate 
are  present  (p.  211). 

II.   Separation  of  Cidorine  from  the  3fetals. 

a.  In  Soluble  Chlorides. 

The  same  method  as  in  I.,  a.  The  metals  in  the  filtrate  are  separated 
from  the  excess  of  the  salt  of  silver  by  the  methods  which  will  be  found 
in  Section  V. 

Birhlnride  of  tin,  chloride  of  mercury,  the  cldoridea  of  antimony ,  and 
th(;  (freea  chloride  of  chromium,  form  exceptions  from  the  rule. 

a.  From  solution  of  hicMoride  of  tin,  nitrate  of  silver  would  precipitate, 
bcsi'les  chloride  of  silver,  a  compound  of  binoxide  of  tin  and  oxide  of 
silvijr.  To  pn^cipitate  the  tin,  thorefore,  the  solution  is  mixed  with  a 
'joiicoiitrated  solution  of  uiti*ate  of  ammonia,  allowed  to  deposit,  the  fluid 
decanted,  and  filtered  (compare  §  12(»,  1,  h),  and  the  chlorine  in  the  fil- 
trate is  ])recipi tilted  with  solution  of  silver.  Lowenthal,  the  inventor  of 
this  method,  has  proved  its  accuracy.f 

3.  ^V^lon  a  solution  of  chloriile  of  mercury  is  precipitated  with  solution 
of  nitrate  of  silver,  the  cJiloride  of  silver  thrown  down  contains  an  admix- 
ture of  mercury.  Tlie  mercury  is,  therefore,  first  precipitated  by' sul- 
phuretted hydrogen,  which  must  be  added  in  sufficient  excess  and  tht 
chlorine  in  the  filtrate  determined  as  directed  in  §  169. 


*  Annal.  d.  Mines,  X-  83  ;  Liehigf  and  Kopp's  Jahresbericht  f  1858,  75L 
f  Joarn  f.  prakt.  Chem ,  56,  371. 
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y.  The  chlorides  of  antimony/  are  also  decomposed  in  the  manner  de 
scribed  in  d.  The  separation  of  basic  salt  upon  the  addition  of  water 
may  be  avoided  by  addition  of  tartaric  acid.  The  sulphide  of  antimon^^ 
should  be  tested  for  chlorine. 

S,  Solution  of  silver  fails  to  precipitate  the  whole  of  the  chlorine  from 
solution  of  the  green  chloride  of  chromium  (PfeLiGOT).  The  chromium  is 
therefore,  first  precipitated  with  ammonia,  the  fluid  filtered,  and  the  chlorine 
in  the  filtrate  precipitated  as  directed  in  I.,  a, 

b,  Tn  Tnsolfible  Chlorides, 

a,    O/dorides  solvMe  in  Nitric  Add. 

I>issolve  the  chloride  in  nitric  acid,  without  applying  heat,  and  proceed 
as  directed  in  I.,  a. 

3.    Chlorides  insoluble  in  Nitric  Add  (chloride  of  lead,  chloride  of  silver, 
Bubchloride  of  mercury). 

oa.  Chloride  of  lead  is  decomposed  by  digestion  with  alkaline  bicar- 
bonate and  water.  The  process  is  exactly  the  same  as  for  the 
decomposition  of  sulphate  of  lead  (§  132.  II.,  6.,  3). 
hbm  Chloride  of  silver  is  ignited  in  a  porcelain  crucible,  with  3  parts 
of  carbonate  of  soda  and  potassa,  until  the  mass  commences  to 
agglutinate.  Upon  treating  the  mass  with  water,  the  metallic 
silver  is  left  undissolved ;  the  solution  contains  the  alkaline  chloride, 
which  is  then  treated  as  directed  in  I.,  a. 

Chloride  of  silver  may  also  be  readily  decomposed  by  tligestion 
with  pure  zinc,  and  dilute  sulphuric  acid.  The  separated  metallic 
silver  may  be  weighed  as  such ;  it  must  afterwards  be  ascertained, 
however,  whether  it  dissolves  in  nitric  acid  to  a  clear  fluid.  The 
chlorine  is  determined  in  the  solution  of  chloride  of  zinc  obtained, 
as  in  I.,  a. 
oc,  Subchloride  of  mercury  is  decomposed  by  digestion  with  solution 
of  soda  or  potassa.  The  hydrochloric  acid  in  the  filtrate  is  deter- 
mined as  in  I.,  a.  The  suboxide  of  mercury  is  dissolved  in  nitric 
or  nitrohydrochloric  acid,  and  the  mercury  determined  as  dii-ected 
in  §117  or  §  118. 
c  The  soluble  chlorides  of  the  metals  of  the  fov/rHiy  fifih^  and  sixth 
fMjys  may  generally  be  decomposed  also  by  sulphuretted  hydrogen,  or, 
the  case  may  be,  sulphide  of  ammonium.  The  hydrochloric  acid  in 
tlie  filtrate  is  determined  as  directed  in  8  1G9.  It  must  not  be  omitted  to 
-test  rlie  precipitated  sulphides  for  chlorme. 

i£.  In  many  metallic  chlorides,  for  instance,  in  those  of  the  first  and 
groups,  the  chlorine  may  be  determined  also  by  evaporating  \\dth 
Iphuric  acid,  converting  the  base  thus  into  a  sulphate,  which  is  then 
^OTiitect  and  weighed  as  such  ;  the  chlorine  being  calculated  from  the  loss. 
This  method  is  not  applicable  in  the  case  of  chloride  of  silver  and  cliloride 
o£  lead,  i^hich  are  only  imperfectly  and  with  difficulty  decomi)ose(l  by 
sulphuric  acid ;  nor  in  the  case  of  chloride  of  mercury  and  bichloiide  of 
fcir^   .livliich  sulphuric  acid  fails  almost  or  altogether  to  decompose. 

Supplement. 
DeiermincUion  of  CIdorine  in  the  Free  State. 

§142. 
fjhlorine  in  the  fieie  state  may  be  determined  both  in  the  volumetric 
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and  in  the  graTunetric  wa3t.     The  Tolnmetric  metiiodB,  howevei,  dcwM 
the  (ircfereiice  in  uuMt  cases.     They  ue  Tery  numerous. 

I  shall  only  here  adduce  that  one  which  is  undoubtedly' the  BXMtMennti 
and  at  the  Hamo  time  the  most  conveuient.* 

1.    Vblumelric  3fel/iod. 

With  Iodide  of  Potatmum  {afUr  Buksej). 

Bi-in^  the  chlorine,  in  the  gaseous  form  or  in  aqueous  soIntion,iDlo  ctt- 
tact  with  an  excew  of  solution  of  iodide  of  potassium  in  water.  Etdii^ 
chlorine  liberates  1  eq.  ioiline.  By  determining  the  liberated  iodiiwlij 
means  of  bypoHiiliihite  of  soda  as  described  in  g  146,  you  will  kamtb 
quantity  of  clilorine  with  tbo  greatest  accuracy.  If  you  have  to  d*f 
mine  the  chlorine  of  chlorine  water,  measure  a  portion  off  witltapipcta 
To  prevent  any  of  the  gite  eiittrriug  the  mouth,  connect  the  upper  <nd<' 
tlie  pijiette  with  a  tube  containing  moist  hydrate  of  potassa  laid  bet«M 
cotton.  When  tho  pipette  has  been  correctly  611ed  allow  ita  contoiti  to 
flow,  with  stirring,  into  an  i-xccaa  of  solution  of  iodide  of  potassiDinllii 
10).  When  the  latter  i^  in  excess,  a  black  precipitate  is  formed.  Iftht 
chlorine  is  evolved  in  the  gaseous  condition,  you  may  employ  eitlia  ^ 
apparatus  given  in  §  131),  I.,  </,  3,  or  the  following,  which  is«qiMii% 
suitable  where  the  oblorise  is  not  pure,  but  is  mixed  with  other  pM- 


Figr.  59. 

n  IK  ft  little  flask,  fi-om  which  the  chlorine  is  erolved  by  1*3''*  7* 
nilistanee  with  liydrochloric  acid ;  it  is  connected  with  the  tube  *  ">, 
luemis  of  a  flexible  tube.  The  latter  must  be  free  from  sulphur— sli^ 
it  coi.tain  sulpliur  it  is  well  boiled  with  dilute  potassa  and  then  thoroup'V 
wanlied.  Tlio  tlmincr  tube  c,  whieh  has  been  fused  to  the  bulb  of  ; 
leads  through  the  ciioutclioiic  stojuKr  (which  has  been  deprived  of  ** 

*  Compare  article  "  Chlorimetiy  "  la  the  Special  Put. 
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o  the  bulbed  XJ-tube  d,  which  contains  solution  of  iodide  of  potas* 
nd  which  for  safety  is  connected  with  the  plain  IJ-tube  e,  also 
ing  iodide  of  potassium  solution.  Both  tubes  stand  in  a  beaker 
ith  water.  The  apparatiis  offers  the  advantages  that  the  fluid 
return,  that  the  iodide  of  potassium  remains  cold,  and  that  the 
ion  is  complete.  After  all  the  chlorine  has  been  expelled  by 
long  enough,  rinse  d  and  e  out  into  a  beaker  and  measure  the 
^th  standard  hyposulphite  of  soda  (§  146). 

2.    Gravimetric  Method, 

Buid  under  examination,  which  must  be  free  from  sulphuric  acid, 
'  instance,  30  grm.  chlorine  water,  is  mixed  in  a  stoppered  bottle, 
slight  excess  of  hyposulphite  of  soda,  say  0*5  grm.,  the  stopper 
1,  and  the  bottle  kept  for  a  short  time  in  a  warm  place ;  a^r 
he  odor  of  chlorine  has  disappeared.  The  mixture  is  then  heated 
ing  with  some  hydrochloric  acid  in  excess,  to  destroy  the  excess 
)sulphite  of  soda,  filtered,  and  the  sulphuric  acid  in  the  filtrate 
ned  by  baryta  (§  132).    1  eq.  sulphuric  acid  corresponds  to  2  eq. 

3  (WiCKE*). 

\uids  containing^  besides  free  cMorinSy  also  hydrochloric  acid,  or  a 

chtoride,  the  chlorine  existing  in  a  state  of  combination  may  be 

ned,  in  presence  of  the  free  chlorine,  in  the  following  way: — 

sighed  portion  of  the  fluid  is  mixed  with  solution  of  sulphurous 

excess,  the  mixture  acidified,  after  some  time,  with  nitric  acid, 

5  whole  of  the  chlorine  precipitated  as  chloride  of  silver.     The 

Y  of  the  free  chlorine  is  then  determined  in  another  weighed 

,  by  means  of  iodide  of  potassium;  the  difference   gives   the 

of  combined  chlorine.f 


ng  thus  seen  in  how  simple  and  accurate  a  manner  the  quantity 
chlorine  may  be  determined  by  Bunsen's  method,  it  will  be 
understood  that  all  oxides  and  peroxides  which  yield  chlorine 

eated  with  hydrochloric  acid,  may  be  analyzed  by  heating  them 

mcentrated  hydrochloric  acid,  and  determining  the  amount  of 

3  evolved.     For  the  modus  operaruli  compare  1. 

§  143. 
2.  Hydrobromic  Acid. 

L  Determinaium, 

s  bromide  of  silver.  Free  hydrobromic  acid — ^in  a  solution  free 
fdrochloric  acid  or  chlorides — is  precipitated  by  silver  solution, 
t  further  process  is  conducted  as  in  the  case  of  hydrochloric  acid 
I.  For  the  properties  of  bromide  of  silver,  see  §  94,  2.  The 
are  perfectly  accurate. 

aL  d.  Chem.  tl  Pharm.  99,  99. 

Iilorine  water  is  mixed  at  once  with  solntion  of  nitrate  of  silver,  |  only 
^orine  are  obtained  as  chloride  of  silver :  6  Gl  +  6  Ag  O  =  5  Ag  CI  -f 
I  Oa  (H.  Rose,  Weltzien,  AnnaL  d.  Chem.  u.  Pharm.  91, 45).  If  chlorine 
mixed  with  ammonia  in  excess,  there  are  formed  at  first  chloride  of  am- 
and  hypochlorite  of  ammonia,  the  latter  then  gradually  decomposes 
'ogen  and  chloride  of  ammonium ;  however,  a  little  chlorate  of  ammo- 
Iso  formed  besides  (Schunbein,  Joom.  f.  prakt.  Chem.  84,  886) ;  Zeit- 
.  analyt.  Chem.  2,  59. 
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Tlio  following  methodn  ai'e  especially  serviceable  for  tlio  detcmiinatiw 
of  small  amouuts  of  bromine ;  they  arc  applicable  in  the  presence  of 
cliloriduH. 

b,    mth  chlorine  waiter  and  chloroform  {after  A.  Reimank*).    This 
method  depends  on  the  facts  that  chlorine  when  added  to  bromides  tint 
libei*ates  the  bromine  and  then  combines  with  it,  and  tliat  bi-omine  c(>Ion 
chlorofoi-m  yellow  or  orange,  while  chloride  of  bromine  merely  comniu- 
nioates  a  yellowish  tinge  to  that  fluid.     The  process  is  as  follows : — Mix 
the  liquid  cont-aining  a  bromide  of  an  alkali  metal  in  neutral  sohitiou.  in 
a  stoppered  bottUi  with  a  drop  of  pure  chlorofoim  about  the  size?  of  i 
hazel-nut,  then  add  standard  ehloiine  water  from  a  burette,  protected 
from  the  light  by  being  surrounded  with  black  paper.     On  shakicg; 
the  chloroform  becomes  yellow,  on  further  addition  of  chlorine  "WAter, 
orange,  then  yellow  again,  and  lastly — at  the  moment  when  2  eq.  chlo- 
riue  have  been  used  for  1  eq.  bromine — yellowish  white  (K  Br  -f  2  CI  = 
K  CI  -h  Br  CI).     Considerable  practice  and  skill  ai-e  required  }>efon?  ilie 
operator  can  tell  the  end-reaction.     He  will  be  assisted  by  placing  tb^" 
bottle  on  wliito  paper  and  comparing  the  color  of  the  chlorofonn  with 
that  of  a  dilute  solution  of  yellow  chromate  of  potassa  of  the  requiivd 
cok)r.     Tlio  strength  of  the  chlorine  water  should  depend  on  the  amcmnt 
of  the  bromine  to  be  determined.     It  should  be  so  adjusted  that  aboat 
100  c.  c.  may  be  used.     The  chlorine  water  is  standardized  withiodid? 
of  potassium  and  hyposulphite  of  soda  (§  142,  1).     The  method  is  » 
peeially  suited  for  the  detenuination  of  small  quantities  of  bromiviB 
mother  liquors,  kelp,  «fec.     Tlie  results  are  verj*  appi*oximate :  f.^.,  O'Ol^ 
instead  of  0-0185— OOoo  instead  of  0-059— O'Cl  12  instead  of  0-0100,4t 
If  the  fluid  contains  organic  substances,  it  is — after  being  rendered  «Ib- 
lino  with  caustic  soda — evaporated  to  dryness,  the  residue  ignited  in  • 
Pilvcr  dish,  extracted  \\'ith  water,  the  solution  neutralized  exai-tiriid    f  ^ 
livdroeliloric  acid,  and  then  test<>d. 

(\  TTkink/s  atlorlmetrir  methodA  The  bromine  is  liberated  bv  iukc* 
of  chlorine,  and  reeeivtMl  in  ether;  the  solution  is  com2)ared,  ^ith  ff- 
Kpeet  to  color,  witli  an  ethereal  solution  of  bromine  of  known  strfit'^ 
and  tlie  fjuautity  of  bromine  in  it  thus  ascertained.  FeulingJ  obtairtJ 
satisfactorv  results  bv  tliis  method.  It  ^dll  at  once  be  seen  thut  \^ 
anu>unt  of  bromine  contained  in  the  fluid  to  be  analyzed  must  be kno''  I  '.\i 
in  some  measure,  before  this  method  can  be  resorted  to.  As  the  to  ■  *■  -  , 
examined  by  Fkhlino  could  contain  at  the  most  0'02  grm.  bromiw"  ■  ' '"- 
GO  ijrm.,  he  ]^repared  ten  diflerent  test  fluids,  by  adding  totenKTW"  1*^ 
portions  of  <)()  grm.  each  of  a  satui*ated  solution  of  conmion  saltino** 
inir  quantities  of  bromide  of  potassium,  containing  respecti^*elT  fi* 
(H)(yi  grm.  to  ()*020  grm.  bromine.  He  added  an  equal  volume  of '*■' 
to  the  t<^st  lluids,  and  then  chlorine  water,  until  there  was  nofWi'  Mi'- 
change  observed  in  the  color  of  the  ether.  It  being  of  thehigW*  B*^^"- 
portance  to  hit  this  point  exactly,  since  too  little  as  well  as  too**  BV-:^, 
chU»rine  makes  the  color  a])p(?ar  lighter,  Fehijng  prepared  three  «■?*  W^-'.  .-■ 
of  each  t^^st  fluid,  and  then  chose  the  darkest  of  them  for  thecw^BW.  . , 
Bon.     00  grm.  are  now  takeu§  of  the  mother  liquor  to  be  enunii*^*  ■  >-i 

*    Annal.  d.  Chem.  u.  Pliarm.  115,  140.  ■h:'-  - 

\  Jonm.  f.  prakt.  Chcm.  IJO,  18-1,  proposed  to  effect  the  detexmlnatiOB^^  II  '' 
mine  in  mother  liquors.  B  ■"^' 

t  Joum.  f.  pr.ikt.  ('h<!m.  45,  2(50.  B*^  - 

g  The  best  way  is  to  take  thcia  by  measure.  B>t.,:-. 
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leme  volnme  of  ether  added  as  was  added  to  the  test  fluids,  and  then 
chlorine  water.  Every  experiment  is  repeated  several  times.  Direct 
8uulight  must  be  avoided,  and  the  operation  conducted  with  proper  ex« 
pedition.  In  my  opinion  it  is  well  to  replace  the  ether  by  chloroform 
or  bisulphide  of  carbon. 

n.  SepcvrcUion  of  JBromine  from  the  Metals, 

The  metallic  bromides  are  analzyed  exactly  like  the  corresponding 
chlorides  (§  141,  II.,  a  to  rf),  the  whole  of  these  methods  being  appli- 
cable to  bromides  as  well  as  chlorides.  In  the  decomposition  of  bro- 
mides by  sulphuric  acid  (§  141,  II.,  rf),  porcelain  crucibles  must  be  used 
instead  of  platinum  ones,  as  the  latter  would  be  attacked  by  the  liber- 
•ted  bromine. 

Supplement. 

Determination  of  Free  JBromine, 

§  144. 

Free  bromine  in  aqueous  solution,  or  evolved  in  the  gaseous  form,  ia 
caused  to  act  on  excess  of  solution  of  iodide  of  potassium.  Each  eq. 
bromine  liberates  1  eq.  Iodine,  which  is  most  conveniently  determined 
oy  means  of  hyposulphite  of  soda  (§  146).  As  regards  the  best  mode 
of  bringing  about  the  action  of  the  bromine  on  the  iodide  of  potassium, 
compare  §  142,  1. 

The  determination  of  free  bromine  in  presence  of  hydrobromic  acid 
or  metallic  bromides  is  effected  in  the  same  manner  as  that  of  free 
<«lorine  in  presence  of  hydrochloric  acid  (see  §  142,  at  the  end). 

§  145. 
3.  Hydbiodic  Acn). 

L  Determination. 

^  As  Iodide  op  Silver,  Gravimetrically. — If  you  have  hydriodio 
*^^  in  solution,  free  from  hydrochloric  and  hydrobromic  acids,  precipi- 
*f®  with  nitrate  of  silver,  and  proceed  exactly  as  with  hydrochloric 
*^  (§  141).  For  the  properties  of  iodide  of  silver,  see  §  94,  3.  The 
'^^tg  are  perfectly  accurate. 

°*   As  Protiodide  op  Palladium,  Gravimetrically. — The  following 
'^^^uod,  recommended  first  by  Lassaigne,  is  resorted  to  exclusively  to 
^^^  the  separation  of  hydriodic  acid  from  hydrochloric  and  hydrobromic 
^^  for  which  purpose  it  is  extremely  well  adapted.     Acidify  the  solu- 
tion slightly  with  hydrochloric  acid,  and  add  a  solution  of  protochloride  of 
paBadium,  as  long  as  a  precipitate  forms  ;  let  the  mixture  stand  from  24 
to  48  hours  in  a  warm  place,  filter  the  brownish-black  precipitate  off  on  a 
weighed  filter,  wash  with  wann  water,  and  dry  at  a  temperature  from 
>bout  70®  to  80®,  until  the  weight  remains  constant.     ITie  drying  may  be 
petXly  facilitated  by  replacing  the  water  (after  the  operation  of  washing) 
[>y  some  alcohol,  and  the  latter  fluid  again  by  a  little  ether.     For  the  pro- 
perties of  the  precipitate,  see  §  94,  3.     This  method  gives  very  accurate 
/^uits,  provided  the  drying  be  managed  with  proper  care ;  but  if  the 


312  DBTEBMINAnOK.  [§  14S 

temperature  is  raised  to  neai*  100^,  the  precipitate  smells  of  iodine^  and  i 

trilling  loss  is  incurred. 

Instead  of  simply  drying  the  protiodide  of  palladium,  and  wei^ 
ing  it  in  that  form,  you  may  ignite  it  in  a  crucible  of  porcelain  or  pia- 
tinuin,'"  and  calculate  the  iodine  from  the  residuary  metallic  palkdimc 
(H.  Rose). 

c.  With  Oht/>rine  Water  and  Cht^roforh  (after  A.  and  F. 
DuPR^:f ).  This  is  based  u|>on  the  cii'cumstance  tliat,  when  chlorine 
water  or  solution  of  chloride  of  soda  is  added  to  a  metallic  iodide,  tin 
first  equivalent  of  chloiini^  libei*ates  iodine,  which  then  combines  with  d 
more  ecjuivalents  of  chluiino  to  iientachloride  of  iodine.  GoLPi£B-£lf- 
SKVREudds  starcli  imate  to  render  this  transition  f>ei'ceptible,  whilst  A.md 
F.  1)UPR1<:  oniploy,  with  much  better  success,  chloroform  or  bisulphide  of 
ciirboii,  which  are  colored  intensely  violet  by  free  iodine  as  well  as  brtD 
compounds  of  iodine  with  chloiine  containing  less  than  5  eq.  chloiine. 

TJu^  ]>rocess  niiiy  be  conducted  in  two  ditTei^ent  ways. 

a.  Add  chlorine  water  to  a  few  litres  of  water,  and  determine  the chlo 
rin(3  in  the  fluid  as  directed  in  §  142. 

Takii  now  of  the  fluid  under  examination  a  quantity  containing  no  mon 
tbau  about  10  nigrm.  iodine,  and  pour  this  into  a  stoppered  bottle,  add » 
few  gi*ammes  of  pure  chloroform  or  pure  bisulphide  of  carbon  (free  fnm 
sulphur  and  sulphui-etted  hydrogen),  and  then  gradually,  drop  bydro|s 
chlorine  solution,  adding  tuid  shaking  vigorously  by  turns,  until  theriokt 
color  of  the  chloroform  or  bisulphide  of  carbon  just  disappears ;  ^hiA 
point  may  be  hit  with  the  greatest  precision.  6  eq.  chloiine  consamedii 
tliis  process  coiTespond  to  1  e([.  iodine.  A  still  simpler  way  is  todetw* 
luijie  the  strength  of  the  dilute  chlorine  water  by  making  it  act  upooi 
known  (juantity  of  iodide  of  potassium,  say  10  c.  c.  of  a  solution  eoi' 
taiiiing  O'OOl  gnu.  iodine  in  1  c.  c,  and  then  to  apply  it  to  the  fluid nnder 
examination.  The  amount  of  chlorine  consumed  in  the  first  experimrt* 
is,  in  that  case,  to  tin;  known  amount  of  iodine  as  the  quantity  consuneJ 
in  the  second  experiment  is  to  x. 

In  cases  whore  tlie  (juantity  of  iodine  is  so  considerable  as,  when  Kp 
rat<Hl,  tt^imjiarta  distinctly  perceptible  coloration  to  the  fluid,  it  is  befltf 
to  dt^iay  ad«ling  the  chloroform  or  bisulphide  of  carbon,  until  thecAf 
first  ])roduced  has  nearly  disappeared  again  upon  further  additita  » 
chlorine  water. 

That  this  method  cannot  be  employed  in  presence  of  substances  liaWet* 
be  ac^ted  \i\>on  by  free  chlorine  or  icxline,  is  self-evident;  organic  n»tta^ 
more  particularly,  must  not  b(i  present.     If  they  are,  as  is  usually  theCJ*  ■  ^ 
with  mother  liipiors,  the  method   •  should  be  employed. 

/^  Add  to  the  fluid  under  examination  chloroform  or  bisulphid*?  * 
carbim,  then  dilute  chlorine  wat^ir  of  unknown  strength,  until  tliefiw* 
just  deooloiized.  At  this  }>oint  all  tlie  iodine  is  converted  in  1  i%  A" 
now  s(>lution  of  iodide  of  [>ota8sium  in  moderate  excess ;  this  will  pnw'j* 
for  every  ecjuivalent  of  1  0L„  <>  eq.  free  iodine,  which  I'emain  dishoWwa 
the  fluid.  l>(?termine  the  lil)erat(^d  iodine  with  hyj>osulphite  of  «■ 
or  sulphurous  acdd,  as  directed  in  §  140,  and  divide  the  quantity  W*  1^ 
by  G  :  the  quotient  expresses  the  quantity  of  iodine  contained  in  tbi*  1^ 
amined  fluid.  li 

Ji 

*  This  Bubstaucc  is  not  injarcd  by  the  operatifliL 
t  Auual  d.  Chem.  u.  Phann.  94,  3G5. 
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1  f  onesenee  of  bromideB,  Dofb^'s  method  requires  certain  modificationi^ 
xrldch  I  refer  to  §  169. 

[lis  method  is  suited  more  particularly  for  the  estimation  of  minute 
itities  of  iodine.     The  results  are  most  accui*ate. 

By  Distillation  with  Sesquichlokide  of  Iron  (after  Duflos). 
m  hydriodic  acid  or  a  metallic  iodide  is  heated,  in  a  distillatory 
iratus,  with  solution  of  pure  sesquichloride  of  iron,  the  whole  of  the 
le  escapes  along  with  the  aqueous  vapor  and  protochloride  of  iron 
fmed  (Fe,  CI,  4-  H  I  =  2  Fe  Cl-|-  H  CI  -f- 1).  The  iodine  passing  over  is 
Lved  in  solution  of  iodide  of  potassium  (apparatus,  fig.  59,  p.  308), 
its  quantity  determined  by  means  of  hyposulphite  of  soda  or  sulphurous 

as  directed  §  146.     In  employing  this  method,  it  must  be  borne  in 

i  that  the  sesquichloride  of  iron  must  be  free  from  chlorine  and  nitric 

It  is  best  to  prepare  it  from  sesquioxide  of  iron  and  hydrochloric 

By  Separation  with  Hyponitbic  Acid.     See  separation  of  iodine 
chlorine,  §  169. 

11.  Separation  of  Iodine  from  ike  Metals, 

le  metallic  iodides  are  analyzed  like  the  corresponding  chlorides. 
1  iodides  of  the  alkali  metals  containing  free  alkali  the  iodine  may 
recipitated  as  iodide  of  silver,  by  first  saturating  tlie  free  alkidi 
•st  completely  with  nitric  acid,  then  adding  solution  of  nitrate  of 
r  in  excess,  and  finally  nitric  acid  to  strongly  acid  reaction.  If  an 
3S  of  acid  were  added  at  the  beginning,  free  iodine  might  separate, 
h  is  not  converted  completely  into  iodide  of  silver  by  solution  of 
ite  of  silver. 

''ith  respect  to  the  salts  insoluble  in  water,  I  have  to  observe  that 
y  of  them  are  more  advantageously  decomposed  by  boiling  with  potassa 
nla,  than  dissolved  in  dilute  nitric  acid,  the  latter  process  being  apt 
J  attended  with  separation  of  iodine.  This  applies  more  particularly 
ibiodide  of  copper  and  to  protiodide  of  palladium.  From  iodides 
ble  in  water,  the  iodine  may  also  be  precipitated  as  protiodide  of 
idium. 

BLstly,  it  is  open  to  the  anal3rst  in  almost  all  cases  to  determine  the 
in  one  portion  of  the  compound,  by  heating  with  concentrated  sul- 
ric  acid,  the  iodine,  in  another  portion,  by  the  method  I.,  e.  The 
ie  of  mercury  is  best  decomposed  by  distillation  with  8  to  10  parts  of 
Lxture  of  1  part  cyanide  of  potassium  with  2  parts  anhydrous  lime. 
)aratu8,  fig.  50^  p.  222  ;  a  6  is  filled  with  magnesite  (H.  Hose  *). 

Supplement. 

Determination  of  Free  Iodine. 

§146. 

ie  determination  of  free  iodine  is  an  operation  of  great  importance  in 
^cal  chemistry,  since,  as  Bunsen  first  pointed  out,  it  is  a  means  for 
stimation  of  all  those  substances  which,  when  brought  into  contact  with 
ie  of  potassium,  separate  from  the  same  a  definite  quantity  of  iodine 
,  chlorine,  bromine,  <fec.),  or,  when  boiled  with  hydrochloric  acid,  yield 

*  Zeitachrift  1  anaL  Chem.  2, 1. 
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a  dofir.ite  quantity  of  chlorine  {e.g.y  chromic  acid,  some  perozideB,  kc), 
By  ca  .luing  the  clilorino  produced  to  act  on  iodide  of  potasfdum,  we  obtui 
the  ei|uiyalent  quantity  of  free  iodine. 

BUNSEN  AND  ScHWARZ^B  MSTHOD. 

This  method  is  based  on  the  following  reaction  2  (NaO  S,  0^)+I= 
Nal4-NaOS,  O5. 

a.  Eequisites. 

a.  Iodine  solution  of  known  strengh.  Dissolve  6*2  to  6'3  gnn.  iodine 
with  the  aiid  of  about  9  grm.  iodide  of  potassium  (free  from  iodic  add) 
and  water  t^)  about  1200  c.  c. 

i3.  Solutiou  of  hyjwsulpJiite  of  soda.  Dissolve  12'2  to  12'3  grm.  of 
the  pure  and  dry  salt  in  water  to  about  1200  c.  c. 

7.  Solution  of  iodide  of  potassium.  Dissolve  1  part  of  the  salt  (free 
from  iodic  acid)  in  about  10  part^  of  water.  The  solution  must  be  cd- 
orless  and  must  remain  so  immediately  after  the  addition  of  dilute  sul- 
phuric or  hydrochloric  acid  (either  must  be  iron-free). 

0.  SUirch  solution.  Stir  the  purest  starch  powder  gradually  witk 
about  100  pai-ts  cold  water  and  heat  to  boiling  with  constant  stinii^^ 
Allow  to  cool  quietly,  and  pour  off  the  fluid  from  any  de|K>sit.  Hie 
solution  should  be  almost  clear  and  free  from  all  lumps.  Thestaitk 
solution  is  best  prepared  fresh  before  each  series  of  expeiiments. 

6.  Preliminary  Determinations. 

a.  Determination  of  tite  reUuion  between  the  Iodine  Solution  audit 
Hyposulphite  Solution, 

Fill  two  burettes  with  the  solutions.  Rim  20  c.  c.  of  the  hrpoi^ 
phite  into  a  beaker,  add  some  water  and  3  or  4  c  c  starch  solutN!, 
then  add  tlui  iodine  till  a  bhie  coloration  is  just  produced.  If  youh»« 
added  a  drop  too  much,  run  in  one  or  two  drops  more  of  the  bYposnl" 
j>hit(*,  and  th(;n  more  cautiously  one  drop  after  another  of  the  wdie* 
solution.  Aftt*r  a  few  minutes  read  off  the  height  of  the  fluid  inlwtt 
burettes.  Suppose  we  had  used  20  c.  c.  hyj>osulphite  to  20*3  1 1 
iodine. 

j3.  JExnct  Determinution  of  the  Iodine  in  the  Solution, 

This  is  performed  by  comparison  with  a  known  quantity  of  ]^ 
iodiiu' ;  the  process  is,  as  far  as  my  experience  goes,  best  condncttf*  ■  js 
the  f(>ll()wiiig  manner : —  ■ 

Select  three  watch-ghisscs,  a,  6,  and  c,  which  fit  each  other;  «¥■'  ■  ^^a 
and  r*  together  accurately.       Put  about  0*5  gnn.  pure  diy  iodinf  (l*^  ■  1^ . 
pared  according  t^>  §  05,  0)  into  «,  place  it  on  an  iron  plate  and  heat  ^  m\^ 
tly,  till  dtaise  fumes  of  iodine  escape.    Now  cover  it  with  h  and  rap**  f  i 
the  heat  so  that  th(j  iodine  mav  sublime  entirely  or  almost  entirelj"* 
h.     Next  remove  />,  while  still  hot,  give  it  a  gentle  swing  in  the tfi* 
remove  tJie  still  uncoudensed  iodine  fumes  and  any  traces  of  wj*^  1 1^; ,  , 
r,  cover  it  with  c,  allow  to  cool  under  the  desiccator,  wei^  ^ 


t 


viipor 


\^ 


transfiT  the  two  watch-glasses,  together  with  the  weighed  iodin*»^*Bk>^ 
capacious  beaker,  containing  a  sufficient  quantity  of  iodide  of  pot***  B^;  . 
solution  to  dissolve  the  whole  of  the  iodine  to  a  clear  fluid.  ^^^  I 
in  hyposulphite  from  the  burette  till  the  fluid  is  just  decolorittd,i»'«  ^T: 
to  4  c.  c.  starch  solution,  and  then  iodine  solution  from  a  aecondUB^  ■  ^,^ 
^o  incipient  blueness.  I^j 
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After  the  two  burettoA  have  been  read  off,  the  following  aimple  calcu* 
Wtion  gives  the  strength  of  the  iodine  solution : — 

Suppose  we  had  weighed  off  0*150  grm.  Iodine,  and  used  29 '6  c.  c. 
hyposulphite  and  0*3  c.  c.  iodine  solution. 

From  a,  we  know  that  20  c.  c.  hyposulphite  correspond  to  20*2  c.  c. 
iodine  solution ;  29*5  c.  c.  therefore  con^espond  to  29*8  c.  c. 

Now  29*5  c.  c.  hyposulphite  coiTespond  to  0*1 50  grm.  iodine +0*3  c.  c. 
iodine  solution. 

But  29*5  c.  c.  hyposulphite  also  correspond  to  29*8  c.  c.  iodine  solu- 
tioiu 

.'-0-150  grm.  iodine + 0*3  c.  c.  iodine  solution =29*8  c.  c.  iodine  solu- 
tion. 

.*- 0*150  grm.  iodine  =  29'5  c  c.  iodine  solution. 
.*.  1    c.  c.  iodine  solution=0'0050847  gim.  iodine. 
Tli©  experiment  just  described  is  repeated  and  the  mean  of  the  two 
resaltis  taken,  provided  they  exhibit  sufficient  uniformity. 

7-     JXlution  of  the  standard  fluids  to  a  convenient  strength. 

W^ith  the  aid  of  the  iodine  solution  the  strength  of  which  we  now 

kxio"Mr  exactly,  and  the  solution  of  hyposulphite  of  soda  wliich  stands  in 

a  ktxown  relation  to  the  same,  we  might  make  any  determinations  of 

iodine.    The  calculation,  although  in  principle  extremely  simple,  is  yet 

Bomewhat  hampered  by  reason  of  the  long  decimal  which  expresses  the 

q\xa.titity  of  iocline  in  1  c.  c.  of  the  solution.     It  is  therefore  convenient 

to  dilute  the  iodine  solution  so  that  1  c.  c.  may  exactly  contain  0*005 

grm.  iodine.     This  is  done  by  filling  a  litre  flask  therewith,  and  adding 

tlie  necessary  quantity  of  water ;  in  our  case  16*94  c.  c,  for  5  :  5*0847 

f.lOOO:  1016*94.      If  the  litre  flask  will  hold  above  the  mark,  this 

16*94  c.  c,  it  is  simply  added,  otherwise  it  is  put  into  the  dry  bottle 

destined  to  receive  the  iodine  solution,  the  iodine  solution  added,  the 

▼hole  shaken  together,  a  portion  of  the  fluid  returned  to  the  flask, 

■haken,  poured  back  into  the  bottle,  and  the  whole  shaken  again. 

The  solution  of  hyposulphite  may  now  be  diluted  in  a  corresponding 
"■Mmner.  In  our  case  we  should  have  had  to  add  27*11  c.  c.  water  to 
lOOO  c.  0.  of  the  solution,  as  will  be  seen  from  the  following  considera- 
tion:-— 

20*2  c.  c.  of  the  original  iodine  solution  correspond  to  20  c.  c.  of  the 
^hyposulphite  solution. 

•'.1000  c.  c.  coiTespond  to  990*1  c.  c. 
^  Now  these  1000  c.  c.  were  made  up  to  1016*94  by  addition  of  water  \ 
tf  therefore  we  make  up  990*1  c.  c.  of  the  hyposulphite  of  soda  to  the 
»me  bulk  by  addition  of  water  we  shall  have  equivalent  solutions. 
Hence,  to  990*1  c.  c.  we  must  add  26*84  c.  c.  water,  or  to  1000  c.  c. 
27*11  water. 

1^  such  cases  of  dilution,  I  always  prefer  to  take  exactly  1  litre  in- 
r^  of  an  uneven  number  of  c.  c,  as  in  measuring  the  latter  errors  and 
T^^uracies  may  readily  occur;  I  have  therefore,  above,  recommended 
"I*®  preparation  of  1200  c.  c.  of  the  fluids,  so  that  after  their  determina- 
^^  1000  c.  c.  may  be  sure  to  remain. 

^  The  actual  Analysis. 

^^®*gh  the  iodine,  best  in  a  small  flask,  dissolve  in  the  iodide  of  po- 
*®ium  solution,  using  about  5  c.  c.  to  0*1  grm.  of  iodine,  add  hyposul* 
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pkite  solution  from  the  burette  till  decoloration  is  just  prodnoedy  tin 
3  or  4  c.  c.  starch  solution,  then  iodine  solution  from  a  second  burettoti 
incipient  blueness.     The  substance  contains  the  same  amoont  of  iodme 
as  tlie  c.  c.  of  iodine  solution  corresponding  to  the  hyposulphite  used 
minus  the  c.  c.  of  the  former  used  to  destroy  the  excess  of  the  litter. 
Where  the  solutions  are  of  equal  value  and  1  c.  c.  corresponds  to  0005 
grm.  iodine,  the  calculation  is  in  the  highest  degree  simple ;  for  sujppoaa 
we  had  used  21  c.  c.  Na  O,  S,  O^  and  1  c.  c.  iodine,  the  quantity  of  iodtna 
present  is  0*100  grm. 

21—1=20,  and  20 x0005 =0-100. 

d.  Keeping  of  the  Solutions. 

The  iodine  solution  and  the  hyposulphite  solution  are  k^t  in  j^ass^ 
stoppered  bottles  in  a  cool,  dai'k  place.  The  former  then  suffers  i&o 
alteration,  and  the  latter  also  is  stable  or  only  slightly  liable  to  chisce- 
Caution  demands,  that  the  relation  between  the  two  solutions  should  be 
tested  before  each  new  series  of  experiments.  The  known  amount  o£ 
iodine  in  the  iodine  solution  is  and  always  remains  the  basis  oi  the 
cess. 


r^ 


If  a  fluid  contains  free  iodine  in  presence  of  iodine  in  a  state  of 
bination,  the  former  is  determined  in  one  portion,  by  the  preoedio^ 
method,  and  the  total  amount  of  iodine  present  in  another  porticm.  Xo 
tliis  end,  sulphurous  acid  is  added  until  the  fluid  appears  colorless,  and 
then  solution  of  nitrate  of  silver  (8  145, 1.,  a) ;  the  mixture  is  digested 
with  nitric  acid,  to  remove  any  sulphate  of  silver  that  might  have  been 
thrown  down  along  with  the  iodide.  Altered,  &c  ;  or  the  flmd  is  distilled 
with  sesquichloride  of  iron,  as  dii*ected  in  §  145,  L,  cL 

§147. 

4.  Hydbocyanic  Acid. 

I.  Detemiination, 

a.  If  you  have  free  hydrocyanic  acid  in  solution,  mix  the  solution,  i^ 
a  rather  dilute  state,  with  a  solution  of  nitrate  of  silver  in  excess,  add  * 
little  nitric  acid,  allow  to  settle  without  warming,  and  determine  the  pr^ 
cii)itated  cyanide  of  silver  either  by  collecting  on  a  weighed  filter, drnn^ 
at  100°  and  weighing  (§  115,  3),  or  by  collecting  on  an  unweighed  fil*^^ 
and  converting  into  metallic  silver.  The  latter  operation  is  perfonn^^^ 
by  igniting  the  precipitate  in  a  porcelain  crucible  for  ^  hour,  or  till  ^* 
ceases  to  lose  weight  (H.  Rose). 

If  you  wisli  to  determine  in  this  way  the  hydrocyanic  acid  in  bitt^J 
almond  wat^r  or  cherry  laurel  water,  add  ammonia  after  the  addition  ^^ 
the  solution  of  nitrate  of  silver  till  the  fluid  has  become  clear,  and   ^ 
once  su[)ei*sat urate  slightly  with  niti*ic  acid.     This  modification  of  t*^ 
process  is  indispensable  to  precipitate  from  these  fluids  the  whole  of  t^^ 
hydrocyanic  acid  as  cyanide  of  silver.     In  measuring  a  fluid  containi^^*J 
hydrocyanic  acid  with  a  pipette,  have  a  little  tube  filled  with  granulat^^^ 
sodarlime  between  the  latter  and  the  mouth. 

6.  Liebig's  Volumetric  ^fethod* — If  hydrocyanic  acid  is  mixed  ^ 

*  AnnaL  d.  Chem.  u.  Pharm.  77,  102. 
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potafisa  to  strong  alkaline  reaction,  and  a  dilute  solution  of  nitrate  of 
nlver  is  then  added,  a  permanent  turbidity  of  cyanide  of  silver — or,  if  a 
few  drops  of  solution  of  chloride  of  sodium  have  been  added  (which  is 
always  advisable),  of  chloride  of  silver — forms  only  after  the  whole  of 
the  cyanogen  is  converted  into  double  cyanide  of  silver  and  potassium.  The 
first  drop  of  solution  of  nitrate  of  silver  added  in  excess  produces  the  per- 
manent precipitate.  1  eq.  silver  consumed  in  the  process  corresponds,  there- 
fore, exactly  to  2  eq.  hydrocyanic  acid  (2  K  Cy  4-  Ag  O,  NOft=Ag  Cy,  K  Cy 
4-K  O,  N  O5).  A  decinormal  solution  of  nitrate  of  silver,  containing 
consequently  10*797  grm.  silver  in  the  litre,  should  be  used;  1  c.  c.  of 
this  solution  corresponds  to  0*0054  of  hydrocyanic  acid.  In  examining 
medicinal  hydrocyanic  acid,  5  to  10  grm.  ought  to  be  used,  but  of  bitt«r 
almond  water  about  50  grm. ;  if  exactly  5*4  or  54  grm.  are  used,  the 
c.  c.  of  the  silver  solution,  divided  by  10,  or  by  100,  expresses  exactly 
the  percentage  of  hydrocyanic  acid.  Medicinal  hydrocyanic  acid  is  suita- 
bly diluted  first  by  adding  from  5  to  8  volumes  of  water ;  bitter  almond 
water  also  is  slightly  diluted  ;  if  turbid,  alcohol  is  added,  until  the  tur- 
bidity disappears. 

LiEBiG  has  examined  hydrocyanic  acid  of  various  degrees  of  dilution, 
And  has  obtained  results  by  this  method  corresponding  exactly  with  those 
obtained  by  a.  In  this  method  it  does  not  matter  whether  the  hydro- 
cyanic acid  contains  an  admixture  of  hydrochloric  acid  or  formic  acid. 
A  considerable  excess  of  potassa  must  be  avoided. 

If  it  is  intended  to  determine  cyanide  of  potassium  by  this  method,  a 
solution  of  that  salt  must  be  prepared  of  known  strength,  and  a  measured 
quantity  used  containing  about  0*1  grm.  of  the  salt.  Should  it  contain 
sulphide  of  potassium,  a  small  quantity  of  freshly  precipitated  carbonate 
of  lead  must  be  first  added,  and  the  solution  filtered  before  proceeding 
to  the  determination. 

•        II.  SeparcUion  of  Ct/anogen  from  the  Metals, 
o.  In  Cyanides  of  the  Alkali  Metals, 

Mix  the  substance  (if  solid,  without  previous  solution  in  water)  with 

excess  of  nitrate  of  silver  solution,  then  add  water,  finally  nitric  acid  in 

slight  excess,  allow  to  settle  without  warming,  and  determine  the  cyanide 

of  silver  as  in  I.,  a.     The  bases  are  determined  in  the  filtrate  after  sepa- 

noting  the  excess  of  silver. 

A    In  Cyanides^  which  are  easily  decomposed  hy^  and  soluble  in,  N^itrio 

i^igest  for  some  time  with  nitrate  of  silver,  stirring  frequently,*  then 
•"<i     nitric  acid  in  moderate  excess,  and  digest  at  a  gentle  heat,  till  the 
*ign  cyanide  is  fully  dissolved  and  the  cyanide  of  silver  has  become 
and  quite  white.     Then  filter.     As  a  precautionary  measure  it  is 
to  test  the  metal  obtained  by  long  ignition  of  the  cyanide  of  silver, 
ler  it  is  free  from  those  met^ils  which  were  combined  with  the 
LOgen. 

In  Cyanide  of  Mercury, 

-J^recipitate  the  aqueous  solution  with  sulphuretted  hydrogen ;  the  sul- 
le  of  mercury  may  be  filtered  without  difficulty  if  a  little  ammonia 

Double  cyanide  of  nickel  and  potassium  yields  by  this  process  a  mixture  of 
ide  of  silver  with  cyanide  of  nickel     Other  double  cyanides  are  similarly 
tTMMad- 
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or  Iiydrochloric  acid  be  added;  it  is  determined  aocording  to  §  118,3 
Tf  t}ie  com|>oiind  is  in  the  solid  condition,  the  cyanogen  may  be  detcr- 
Diin(*(l  in  another  portion  by  ignition  with  oxide  of  copper,  the  nitrogec 
and  carbonic  acid  being  collected  and  sejMmited  (comp.  organic  aiialrsis). 
H.  llosE  and  Finkener*  give  the  following  method  for  detenniiiing 
cyanogen  in  solutions  of  cyanide  of  mercury.     Mix  the  solution  of  tbe 
cyanide  of  mercury  with  nitrate  of  zinc  dissolved  in  ammonia.    To  1 
pai-t  of  mercur^'-salt  add  alK>ut  2  parts  of  the  zinc-salt.     Add  to  the 
cl(*ar  solution  sulphurettcKl  hydrogen  water  gradually  till  it  produces  a 
pcrfrctly  wliite  pi*ecipitate  of  sulphide  of  zinc.     The  precipitate,  whici 
.  is  a  mixture  of  tlie  sulphides  of  mercury  and  zinc,  settles  well.    Aftff 
a  quarter  of  an  hour  filter  it  off  and  wash  with  very  dilute  ammonk 
The  filti*ate  contains  cyanide  of  zinc  dissolved  in  ammonia,  together  with 
idtrate  of  ammonia.     It  docs  not  smell  of  hydrocyanic  acid,  and  cod»> 
quontly  no  escape  of  the  latter  takes  place.     Mix  it  with  nitrate  of  afl- 
ver  and  then  add  dilute  sulphuric  acid  in  excess.     The  cyanide  of  oivff 
is  next  washed  a  little  by  decantation,  then — to  free  it  from  anv  cvuiide 
of  zinc  simultaneously  precipitated — heated  with  a  solution  of  nitrate 
of  silver,  finally  filtered  off,  washed,  and  determined  after  I.,  a,    Tl» 
pn^cipitatod  sulphides  may  be  dissolved  in  aqua  regia,  and  the  mernut 
precipitated  as  subchloride  according  to  §  118,  2,  a.     The  testranalnei 
communicated  by  Rose  yielded  excellent  results. 

(/.  Tfi  comjiounds  deromposahle  by  Oxid^  of  3fercurf/  in  the  Wet  Waif 

Many  simple  cyanides,  and  also  double  cyanides — ^both  of  the  chai» 
ter  of  the  double  cyanide  of  nickel  and  potassium,  and  of  the  femvor 
ferricyaiiides  (not,  liowever,  cobalticyanides) — may,  as  is  well  knovn,  he 
completely  decomposetl  by  boiling  with  excess  of  oxide  of  mercuir  ud 
wator,  all  cyanogen  being  obtained  as  cyanide  of  mercury,  and  themclaSi 
passiu*;  into  oxidtfs. 

ir.  Rose  (for.  rit.)  has  shown,  that  Prussian  blue,  ferro-  and  fffli- 
cyanide;  of  potiussium,  more  particularly,  may  be  readily  analped  in 
this  niannor. 

Boil  a  f(?w  minutes  witli  water  and  rxrtvs  of  oxide  of  mercury  fill  ot* 
plcto  (Iccoiiipositioii  is  ellbcted,  add — in  onler  to  render  the  se»nii'ui'fc 
of  iron  and   oxides  of  niorcurv  roniovalde  by  the  filter — nitric  iddk 
Sinai!  ]v>rtions,  till  the  alkaline  reaction  has  nearly  disappeared,  filw;   M  ^f 
wash  with  hot  watrr,  dry  the  precipitate,  ignite — very  gradually rii*^ 
tluj  heat  — nndiM"  a  hood  (with  a  good  di*aught),  and  weigh  the  ses|* 
oxido   of  iron   rcniaininir.     In  the  liltnite  the  cvanoffcn  is  dctomisw 
acconliiirr  to  r,  and  any  potjussa  that  may  be  present  is  estimated m  w 
fluid  iiltrrod  from  tho  cyanide  of  silver. 

« 

e.   r>rf('nnin(iffo)i  of  ^frtnh  contained  in  Ci/aijides  with  decompc*f^  mt, 
(ifu/  rolfftiUtfifion  of  the  Ci/anof/f'n,  It- 

Of  tli(}  various  moans  for  completely  decomposing  comiwundsofff*  Ij- 
ocrcn,  (jsj>ecially  also  the  double  cyanides,  accoriling  to  H.  Il0SE(fcf.fl'')»  1'" 
thrfM'   ])articnlarlv  arc  worthy  of   recommendation,  viz..   concentiaw  ■<; 
Knl])hnric  acid,  sulphate  of  mercury,  and  chloride  of  ammonium.  1* 
nitrates  «eeni(;d  decicUHllv  less  suitable  on  account  of  their  too  tkiW 
action. 


J-. 


\ 


a.  Decomposition  by  Sulpiiitric  Acid.     All  cyanogen  oomponJ^  I  V 

*  ZcitBchr.  f.  aual.  Ghcm.  1,  288. 
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iple  or  double,  are  completely  decomposed  and  conyerted  into  sul- 
&tes  or  oxides,  as  the  case  may  be,  if  treated  in  a  powdered  condition 
a  platinum  dish  or  a  capacious  platinum  crucible  with  a  mixture  of 
>ut  3  parts  concentrated  sulphuric  acid  and  1  part  water,  and  heated 
almost  all  the  sulphuric  acid  has  been  expelled.  The  residual  mass 
then  free  from  cyanogen.  It  is  dissolved  in  water,  if  necessary,  with 
lition  of  hydrochloric  acid,  and  the  oxides  determined  by  the  usual 
thods. 

J.  Decomposition  by  Sulphate  op  Mercury.  Of  the  combinations 
oxide  of  mercury  with  sulphuric  acid,  those  suitable  to  our  present 
rpose  are  the  neutral  and  the  basic  (Turpeth  mineral).  The  substance 
nixed  with  6  parts  of  the  latter,  heated  in  a  platinum  crucible  gradu- 
Yj  and  finally  maintained  for  a  long  time  at  a  red-heat,  till  alL  the 
rcury  has  volatilized,  and  the  weight  of  the  crucible  remains  constant, 
alkalies  are  present,  a  little  carbonate  of  ammonia  is  added  during 

>  final  ignition,  from  time  to  time,  in  order  to  convert  the  bisulphates 
o  neutral  salts.  The  residue  may  usually  be  analyzed  by  simple  treat- 
nt  with  water,  in  the  case  of  ferrocyanide  of  potassium,  for  instance, 
)  sulphate  of  potassa  dissolves,  and  pure  (alkali-free)  sesquioxide  of 
n  remains  behind.  The  test-analyses  that  have  been  communicated 
tided  excellent  i*esults. 

y.  Decomposition  by  Chloride  op  Ammonium.  IVIix  the  substance 
til  twice  or  thrice  the  amount  of  this  salt  and  ignite  the  mixture 
»derately  in  a  stream  of  hydrogen  (apparatus,  p.  181,  fig.  47).     From 

>  cooled  mass  water  extracts  alkaline  metallic  chloride,  while  the 
lucible  metals  remain  behind  in  the  metallic  state.  The  method  is 
juliarly  adapted  for  the  analysis  of  doXible  cyanide  of  nickel  and  po- 
aium  and  cobalticyanide  of  potassium,  not  so  for  iron  compounds, 
ice  the  iron  obtained  is  not  pure,  but  contains  carbon. 

If  one  of  the  methods  described  in  e  is  employed,  the  nitrogen  and 
rbon  (the  cyanogen)  must  be  determined  by  combustion,  if  an  estima- 
tn  by  the  loss  is  not  sufficient. 

/I  Determination  of  the  Alkalies,  especially  of  Ammonia  in  Soluble 
frrocf/anides. 

Mix  the  boiling  solution  with  a  solution  of  chloride  of  copper  in 
Kiemte  excess,  filter  off  the  precipitated  ferrocyanide  of  copper,  free 

>  filtrate  from  copper  by  means  of  sulphuretted  hydrogen,  and  then 
Jermme  the  alkalies  (Reindel*). 

^     Volumetric  Determination  of  Ferro-  and  Ferricyanogen, 

•  After  E.  de  Haen.  This  method,  devised  in  my  laboratory,  is 
ficied  upon  the  simple  fact  that  a  solution  of  ferrocyanide  of  potassium 
^fied  with  sulphuric  acid  or  with  hydrochloric  acid  (and  whicli  may 
Ji*dingly  be  assumed  to  contain  free  hydroferrocyanic  acid),  is  by 
^tion  of  permanganate  of  potassa  converted  into  the  corresponding 
^Cyanide.  If  this  conversion  is  effected  in  a  very  dilute  fluid,  con- 
ning about  0*2  grm.  ferrocyanide  of  potassium  in  from  200  to  300  c, 
*Ke  termination  of  the  reaction  is  clearly  and  unmistakably  indicated 
^e  change  of  the  originally  pure  yellow  color  of  the  fluid  to  I'eddiah- 
low. 

fhe  proci^ss  requires  two  test  fluids  of  known  strength,  viz., 

■  ^.— — ^— ■ 

*  Joum.  f.  prakt.  Jhem.  Go,  452. 
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1.  A  solution  of  pure  ferrocyanide  of  potassitim. 

2.  A  solution  of  pornianganate  of  potassa. 

Tho  farmer  is  preparod  by  dissolving  20  grm.  perfectly  pure  anddij 
crystallized  ferrocyanide  of  potassiiim  in  water  to  1  litre;  eadi  e.  c; 
thei'efore  contains  20  mgrm.  The  latter  is  diluted  so  that  somewlul 
less  than  a  buretteful  is  required  for  10  c.  c.  of  the  solution  of  fem^ 
cyanide  of  potassium. 

To  determine  the  strength  of  the  permanganate  of  potassa  sohitioii  a 
its  action  upon  ferrocyanide  of  potassium,  measure  off,  by  means  of  a 
small  pip<'tte,  1 0  c,  c.  of  the  solution  of  ferrocyanide  of  potassinm  (cofr 
taiuing  0*200  gnn.)  dilute  with  about  250  c.  c.  water,  acidify  with  hjrdifr 
chloric  acid,  place  the  glass  on  a  sheet  of  whit-e  papier,  and  allow tk 
permanganate  to  drop  into  the  fliiid,  stirring  it  at  the  same  time,  until 
tho  change  fi-om  yellow  to  reddisIt-yeWow  indicates  that  the  convenioi 
is  complete.*  lltjpetitions  of  the  experiment  always  give  rery  aoc* 
ratcdy  con'csponding  results.  If  at  any  time  you  have  reason  to  snspeek 
that  the  permanganate  has  suffered  alteration,  recourse  must  be  hd 
again  to  this  experiment. 

To  determine  the  amount  of  real  ferrocyanide  of  potassinm  contaioel 
in  any  given  sample  of  the  commercial  article,  dissolve  5  grm.  to  390 
c.  c. ;  take  10  c.  c.  of  this  solution,  and  examine  as  just  dii'ected.  Sop 
pose,  in  detei*miuing  the  strength  of  the  permanganate,  you  have  m 
20  c.  c,  and  you  find  now  that  19  c.  c.  is  sufficient^  the  simple  rnlN^ 
three  sum, 

20  :  0-200 : :  19  :  a? 

will  inform  you  how  much  pure  ferrocyanide  of  potassium  0*200  gnD. 
of  the  analyzed  salt  contains.  And  even  this  small  calculation  may  ^ 
dispensed  with,  by  diluting  the  permanganate  so  that  exactly  50  c  t 
correspond  to  0*200  of  ferrocyanide  of  potassium,  as,  in  that  case,  the 
number  of  half-c.  c.  consumed  expresses  directly  the  percentage  of  tho 
ferrocytmide  of  potassium  present  in  the  analyzed  salt. 

Instciiil  of  det<»rmiiiiug  the  strength  of  the  permanganate  by  mearn 
of  pure  ferroiryanide  of  potassiinn,  which  is  unquestionably  the  best  vay, 
one  of  the  methods  giv(>n  in  §  112,  2,  may  also  be  employed;  bearing 
in  mind,  in  that  case,  that  2  eq.  ferrocyanide  of  potassium  =  422*44 
(togetlier  with  the  water  of  cryst^dlization),  2  eq.  iron  dissolved  to  pro- 
toxide =  ')(),  and  1  eq.  oxalic  acid  =  03  (together  with  the  water  of 
hydration  and  crystallization)  are  equivalent  in  their  action  upon  solu- 
tion of  permanganate  of  potiissa. 

The  analysis  of  solublcj  f(»rrieyanides  by  this  method  is  effected  by 
reducing  them  to  ferrocyan ides,  acidifying,  and  then  proceeding  in  th« 
Slime  way  as  just  now  described.  The  reduction  is  effectf>d  as  follows:— 
Mix  the  weighed  ferri cyanide  with  solution  of  soda  or  potassa  in  excess, 
boil,  and  add  concentrated  solution  of  sulphate  of  protoxide  of  iroD 
gi*a(lually,and  in  small  ])ortioiis,  until  the  color  of  the  precipitate  appeal* 
black,  which  is  a  sign  that  protosesquioxide  of  iron  has  precipitatfO' 
Dilute  now  to  300  c.  c,  mix,  filter,  and  ])roceed  to  determine  theferio* 
cyanide  in  ])ortion8  of  50  or  100  c.  c.  of  the  fluid.  As  the  sjMice  occu- 
pied by  the  precipitate  is  not  taken  into  account  in  this  process,  th* 

*  If  you  wiali  at  first  for  some  additional  evid(ince  besides  the  changrc  of  oolfl^« 
%dd  to  a  dro;>  of  the  mixture  on  ,a  |»ljitc,  a  drop  of  Holntion  of  sesquicbloride  o» 
Iron :   if  this  fails  to  produce  a  blue  tint,  the  conversion  is  accomplished. 
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are  not  absolutely  accurate.  The  difference  is  so  very  trifling, 
r,  that  it  may  safely  be  disregarded. 

uble  ferro-  or  ferricyanides,  decomposable  by  boiling  solution  of 
(as  are  most  of  these  compounds),  are  analyzed  by  boiling  a  weighed 
sufficiently,  long  with  an  excess  of  solution  of  potassa  (adding,  in 
)  of  ferricyanides,  sulphate  of  protoxide  of  iron),  and  then  pro- 
in  the  same  way  as  directed  above. 

Ifter  E.  BoHLio.* 

le  case  of  a  fluid  containing  ferrocyanide  of  potassium,  and  also 
yanide  (for  instance,  the  red  liquor  of  the  prussiate  works),  the 
given  in  a  cannot  be  employed,  as  the  hydrosulphocyanic  acid 
luces  permanganic  acid.  The  following  method—depending  on 
npitation  of  the  ferrocyanogen  with  solution  of  sulphate  of  copper 
then  be  used ;  it  is  accurate  enough  for  technical  purposes.  Dis- 
)  grm.  pure  sulphate  of  copper  to  1  litre,  also  4  grm.  pure  dr^' 
mide  of  potassium  to  1  litre.  Add  to  50  c.  c.  of  the  latter  solutic*} 
contain  0*2  grm.  ferrocyanide  of  potassiiun)  copper  solution  from 
be  to  complete  precipitation  of  the  ferrocyanogen.  In  order  to  hit 
nt  exactly,  from  time  to  time  dip  a  strip  of  filter-paper  into  the 
;h-red  fluid,  which  will  imbibe  the  clear  filtrate,  leaving  the  jjreci- 
f  ferrocyanide  of  copper  behind.  At  first  the  moist  strips  of  paper, 
mched  with  sesquichloride  of  iron,  become  dark  blue,  the  reaction 
ly  gets  weaker  and  weaker,  and  finally  vanishes  altogether.  We 
ow  the  value  of  the  copper  solution  with  reference  to  its  action  on 
inide  of  potassium,  and  can,  therefore,  by  its  means  test  solutions' 
ing  unknown  amounts  of  ferrocyanogen.  If  alkaline  metallic  siil- 
ire  present,  they  are  first  removed  by  boiling  with  carbonate  of 
ifter  filtering  off  the  sulphide  of  lead,  acidify  with  dilute  sulphu- 
( and  then  proceed. 

5.  Hydbosulphubio  Acid. 

[.  DetermincUian, 

luretted  hydrogen  in  the  free  state  is  most  readily  and  very  accu- 
etermined  by  volumetric  analysis,  by  means  of  iodine ;  it  may  also 
mined  by  conversion  into  a  suitable  sulphide  or  into  sulphate  of 
and  weighing. 

le  method  of  determining  firee  sulphuretted  hydrogen  by  volu- 
inalysis,  by  means  of  a  solution  of  iodine,  wap  employed  first  by 
DIER.  That  chemist  used  alcoholic  solution  of  iodine  for  the  pur- 
But  as  the  action  of  the  iodine  upon  the  alcohol  gradually 
le  composition  of  this  solution,  it  is  better  to  use  a  solution  of 
1  iodide  of  potassium.     The  decomposition  is  as  follows : 

HS+I=HI+S 

=  127  corresponds,  therefore,  to  1  eq.  H  S=  17.  However,  this 
KX>mposition  can  be  relied  upon  with  certainty  only  if  the  amount 
uretted  hydrogen  in  the  fluid  to  be  analyzed  dees  not  exceed  0*04 
k  (Buksen).   Fluids  containing  a  larger  proportion  of  sulphuretted 

■  «— .^* 

•  Polyteohn.  NotizUatt,  t6, 81. 
21 
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hjdrogen  must  therefore  first  be  diluted  to  the  required  degree  with  boiM 
water  cooled  out  of  the  contact  of  air. 

The  iodine  solution  of  §  146  may  be  used  for  the  estimation  of  hipt 
quantities  of  sulphuretted  hydrogen ;  for  weak  solutions,  e.  p.,  sulphurettd 
mineral  water,  it  is  ad\isable  to  dilute  the  iodine  solution  of  §  ]46ii 
5  tiint.*8  the  volume,  which  accordingly  will  give  a  fluid  containing  sbont 
0*001  gnn.  iodine  in  the  c.  c. 

The  process  is  conducted  as  follows : — 

Meiumre  or  weigh  a  certain  quantity  of  the  sulphuretted  water,  diliri^ 
if  nypiired,  in  the  manner  directed,  add  some  thin  starch-] laste,  and  tin 
solution  of  itxiino,  with  constant  shaking  or  stirring,  until  the  penninnt 
blue  color  begins  to  appear.      The  result  of  this  experiment  iudicatni^ 
pruxiniat<»ly,  but  not  with  positive  accuracy,  the  relation  between  h 
examined  water  and  the  iodine  solution.    Suppose  you  haveconsuiw4fc 
22'' »  c.  c.  of  the  sulphuretted  water,  12  c.  c.  of  a  solution  of  iodine  « 
taiuing  0*000018  gnu.  iodine  in  the  c.  c*    Introduce  now  into  a  flask  Deviv 
the  (juantity  of  iocline  solution  re<|uired,  add  the  sulphuretted  vater  i 
quantity  either  already  determined,  or  to  be  determined,  by  weight* 
nifasure;t  then  to  the  colorless  fluid  add  thin  starch-paste,  and  after  tli 
iodine  solution  until  the  blue  color  just  begins  to  show.      By  this  wiai 
of  proceeding,  you  avoid  the  loss  of  sulphuretted  hydrogen  which  w» 
otherwise  be  caused  by  evaporation  and  oxidation.     In  my  analjai* 
the  Weilbach  water,  250  c.  c.  of  the  water  required,  in  my  second  exp(i^|] 
ment,  1G*2G  c.  c.  of  iodine  solution,  which,  calculated  to  the  quantrtrrf 
sulphuretted  water  used  in  the  first  experiment,  viz.,  220  c  c,  mikn  IH 
c.  c,  or  1*9  c,  c.  more. 

I^ut  even  now  tlie  experiment  cannot  yet  be  considered  quite  aw^ 
sive,  when  made  with  a  solution  of  iodine  so  dilute ;  it  being  stiU  necwtfy 
to  ascertain  how  much  iodine  solution  is  i-equired  to  impart  the  same  bta 
tint  to  the  same  quantity  of  ordinary  water  mixed  with  8tarch-|»aste.C'ftW 
Sill  lie  temperature,  J  and  as  nearly  as  possible  in  the  same  condition  J » 
the  analyzcKl  sulphuretted  water,  and  to  deduct  this  from  the  qnantitri* 
iodine  solution  used  in  the  second  experiment.  Thus,  in  the  cas?  w* 
tioiicd,  I  had  to  deduct  0*5  c.  c.  fi*om  the  16*26  c.  c.  used.  If  ik'?* 
St  ructions  here  given  are  strictly  followed,  this  method  gives  ven'acnir* 
results  (see  Expt.  No.  91). 

ff.  !Mix  the  sulphuretted  fluid  with  an  excess  of  solution  of  aiwnite" 
soda,  add  hydruchloric  acid,  allow  to  deposit,  and  determine  the  » 
j»liid(»  of  arsenic  as  directe<l  §  127.  If  the  quantity  of  sulphuretted  hjA* 
g<Mi  in  the  analyzed  fluid  is  moderately  large,  the  results  obtained  bytiii 
iiu'thod  are  accumt^  (compare  Expt.  No.  91);  but  in  the  case  of^ 
dilute  solutions  th(;  results  are  too  low,  as  a  little  tersulphide  of  arsrt* 
remains  in  solutic^n.  Ileuce,  in  my  analysis  of  the  Weilbach  water, «■ 
method  gave  only  ()*00r)r,21  and  o'-OOCOtU  per  1000,  whilst  watCT  tika 
frrmi  the  well  at  the  same  time,  and  determinetl  with  iodine, gave  (K^OiW 
of  1  [  S  p(?r  1000.    Instead  of  arsenious  acid,  solution  of  chloride  of  cfljf 

*  The  numbers  here  stated  are  those  which  I  obtained  in  the  analjiis  d  ■■ 
Weilbach  water. 

t  Compare  Experiment  No.  91. 

i  Annal.  d  Chem.  u.  Phurm.,  102,  186. 

§  I  woidd  recommend,  in  caHes  where  the  sulphuretted  water  containil'^! 
bonate  of  soda,  to  add  to  the  ordinary  water  an  equal  quantity  of  this  silt)  V 
presence  has  a  slight  influence  on  the  appearance  of  the  final  reactioD. 


».]  HYDROSULPHURIC  ACm.  333 

solution  of  silver  may  be  employed  as  precipitant,  and  the  sulphui 
Diined  iu  the  sulphide  of  copper  as  sulphate  of  beuryta  (see  II.),  or 
e  sulphide  of  silver  as  chloride  of  silver.  The  results  obtained  by 
pitating  with  chloride  of  copper  are  also  too  low,  in  the  case  of  very 
)  iiuids. 

r  the  analysis  of  mineral  waters,  the  method  a  will  always  answer 
unless  presence  of  hyposulphites  should  impair  its  accuracy, 
[f  the  sulphuretted  hydrogen  is  evolved  in  the  gaseous  state,  and  largt* 
lities  are  to  be  determined,  the  best  way  is  to  conduct  it  first  through 
ed  bulbed  U-tubes  (fig.  59,  p.  308),  containing  an  alkaline  solution 
lenite  of  soda,  then  through  a  tube  connected  with  the  exit  of  the  last 
>e,  which  contains  pieces  of  glass  moistened  with  solution  of  soda ;  to 
he  fluids  afterwards,  and  proceed  as  in  6  or  c.  If,  on  the  other  hand, 
ve  to  determine  small  quantities  of  sulphuretted  hydrogen  contained  in 
;e  amount  of  air,  t&c.,  it  is  well  to  pass  the  gaseous  mixture  in  question 
«rate  small  bubbles  through  a  very  dilute  solution  of  iodine  in  iodide 
tassium,  of  known  volume  and  strength,  which  is  contained  in  a  long 
tube  fixed  in  an  inclined  position  and  protected  against  sunlight, 
ree  iodine  remaining  is  finally  estimated  by  means  of  a  solution  of 
sulphite  of  soda  (§  146) ;  the  difference  gives  us  the  quantity  of  iodine 
I  has  been  converted  by  sulphuretted  hydrogen  into  hydnodic  acid, 
onsequently  corresponds  to  the  amount  of  the  sulphuretted  hydrogen 
at.  The  volume  of  the  gaseous  mixture  may  be  known  by  measuring 
ater  which  has  escaped  from  the  aspirator  used.  The  arrangement 
)  absorption  tube  is  the  same  as  is  figured  in  connection  with  the  de- 
natiou  of  carbonic  acid  in  the  air  (§241,  at  the  end).  The  thin 
tube  conducting  the  gas  into  the  absorption  tube,  however,  must 
e  provided  with  an  india-rubber  elongation. 

LL  Separation  and  Determination  of  Sulphur  in  Sulphides, 

A..  Methods  based  on  the  Conversion  of  the  Sulphur  into 

Sulphuric  Acid. 

Methods  in  tfie  Dry  Way. 

Oxidation  by  Alkaline  JV7^ra^  (applicable  to  all  compounds  of  sul- 
.  If  the  sulphides  do  not  Jose  any  sulphur  on  heating,  mix  the  pulver- 
nd  weighed  substance  with  3  parts  of  anhydrous  carbonate  of  soda  and 
itrate  of  potassa,  with  the  aid  of  a  rounded  glass  rod,  wipe  the  particles 
)  mixture  which  adhere  to  the  rod  carefully  off*  against  some  carbonate 
ia,  and  add  this  to  the  mixture.  Heat  in  a  platinum  or  porcelain 
[)le  (which,  however,  is  somewhat  affected  bj  the  process),  at  a 
tally  increased  temperature  to  fusion ;  keep  the  mass  in  that  state  for 
time,  then  allow  it  to  cool,  heat  the  residue  with  water,  filter,  and 
nine  in  the  filtrate,  which  contains  the  whole  of  the  sulphur  as  alka- 
iilphate,  the  sulphuric  acid  as  directed  in  §  132.  The  metal,  metallic 
)  or  carbonate,  which  remains  undissolved,  is  deteimined,  according 
sumstAnces,  either  by  direct  weighing  or  in  some  other  suitable  way. 
8  presence  of  lead,  before  filtering,  pass  carbonic  acid  through  the 
on  of  the  fused  mass,  to  precipitate  the  small  quantity  of  that  metal 
.  has  passed  into  the  alkaline  solution. 

>uld  the  sulphides,  on  the  contrary,  lose  sulphur  on  heating,  the  finely 
)red  compound  is  mixed  with  4  parts  carbonate  of  soda,  8  parts 
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uitrc,  and  34  purts  pure  aiul  perfectly  dry  chloride  of  aodium,  ud  it 
process  otlierwiac  conducted  as  already  given. 

b.  Oxidation  by  Chhrine  &as  (ttftevBBHZEUuSBndH.  BosEjCqwoillj 
Biit«ble  for  aulphowlts  of  complicated  composition). 

The  following  appsratus,  or  one  of  h'"''!"'  conBtruction,  ii  oied^ 


jng.  w: 


A  IB  tlie  evolution  flask,*  Ji  contnins  concentrated  aulphnric  add,  C 
chloride  of  calcium,  J)  tlie  aiibstaiice,  £  is  the  receiver  containing  water 
(or — in  the  presence  of  aiitiniouy — a,  Bolntion  of  tartaric  acid  in  dilute 
hydrochloric  HCid),  ^ia  a  U-tube  also  containing  water,  G  conducts  the 


.'iipiiig  chlorii 
Whenthca]iiii 

tiiinsferrcd  fron 


buy  filled  with  moist  hj-dmte  of  lim 

■utiis  is  ariMiiged,  the  sulphide  to  b6  examined  is  waighed 

tube  Reiiled  at  one  end,  and  subsequently  cautiousljf 

this  tube  to  the  bulb,  in  the  manner  illustrated  l>3 

fig.  61,  so  aa  to  prevent  any  portion  of  ll»* 

substance  getting  into  the  ends  of  the  bnltf 

[In  most  cases  it  is  more  convenient  to  [>■«•* 
the  weighed  substance  into  a  porcelain  tr**-! 
(fig.  24),  which  is  slipped  into  a  plain  piece  *^' 
Bohemian  combustion -tube  bent  like  1)0.  j^'^ 
the  close  of  the  process  the  tray  may  be  witt*- 
drawn  and  its  contents  weighed  or  otherwi^* 
treated.]  ^^ 

When  the  apparatus  is  filled  with  chlorine,  D  is  connected  *idi  ^^' 
and  the  chlorine  is  allowed  to  act  on  the  sulphide,  at  first  without  t*** 

■  Ponra7>e^/(V'Ivi'''Wmixturo  of  4.%portflof  sniphuric  acid  and21  of  wataf , °*  ^ 
one  of  ISpirtsot  chloriilo  of  podium  and  IS  otj!'iri^;x'ic(trr«(binoxideofnii^^Jj' 
nase,  and  shake,  when  a  stemly  evolution  of  chlorine  will  at  once  begin,  whiiw^"' 
when  it  showa  signs  of  slackening,  may  be  promoted  by  a  gcntU  heat 
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d  of  heat.  When  no  further  alteration  is  observed — the  receiver  £ 
ting  full  of  chlorine — a  very  gentle  heat  is  applied  to  the  bulb,  care 
jing  taken  also  to  keep  the  tube  O  warm,  securing  it  thus  from  being 
opped  up  by  the  sublimate  of  a  volatile  chloride.  The  suli)hide  is  com- 
etely  decomposed  by  the  chlorine,  the  metals  being  converted  into  chlo- 
:le8,  which  partly  remain  in  the  bulb,  partly — (viz.  the  volatile  ones,  as 
iloride  of  antimony,  chloride  of  arsenic,  chloride  of  mercury) — pass  over 
to  the  receiver  ;  the  sulphur  combines  with  the  chlorine  to  chloiide  of 
ilphur,  which  passes  over  into  jEJ^  where,  coming  in  contact  with  water, 
decomposes  with  the  latter,  forming  hydrochloric  acid  and  hypo- 
ilphurous  acid,  with  separation  of  sulphur.  The  hyposulphurous  acid 
^composes  again  into  sulphur  and  sulphurous  acid,  which  latter  is  at  last, 
r  the  action  of  the  chlorine  water  in  j&',  converted  into  sulphuric  acid, 
be  final  result  of  the  decomposition  is  consequently  sulphuric  acid  and  a 
*eater  or  less  amount  of  separated  sulphur.  The  operation  is  concluded 
hen  no  more  products — ^with  the  exception,  perhaps,  of  sesquichloride 
r  iron,  the  complete  expulsion  of  which  need  not  be  awaited — pass  over 
rom  the  bulb.  Heat  is  then  applied  to  the  bulb-tube,  proceeding  from 
be  bulb  towards  the  bend,  so  as  to  force  all  the  chloride  of  sulphur 
ad  the  volatile  metallic  chlorides  to  pass  over  into  JEJ,  or  at  least  to  oc- 

3y  the  end  of  the  bulb-tube. 
^  !lie  apparatus  is  left  undisturbed  a  short  time  longer,  after  which  the 
is  cut  off  under  the  bend  at  0,  and  the  separate  end,  which  generally 
itains  a  portion^f  the  volatile  chlorides,  closed  by  inverting  over  it  a 
tube  sealed  at  one  end  and  moistened  inside.  [In  case  a  porcelain 
iRft7has  been  used,  this  is  withdrawn  and  the  entire  tube  is  subjected  to 
be  following  treatment.]  The  tube  is  now  allowed  to  stand  24  houi*8,  to 
Uow  tlie  volatile  chlorides  to  absorb  moisture,  which  will  i*ender  them  solu- 
em  water  without  generating  heat.  The  metallic  chlorides  in  the  cut-otF 
^d  of  the  tube  (or  tray)  are  then  dissolved  in  dilute  hydrochloric  acid, 
e  end  (or  tray)  is  rinsed,  and  the  solution  added  to  the  contents  of  the 
^>es  £!  and  I^ /  a  very  gentle  heat  is  now  applied  until  the  fi-ee  chlorine 
f  xpelled,  and  the  fluid  is  then  allowed  to  stand  until  the  sulphur  has 
*<iified.  The  sulpl\,ur  is  filtered  off  on  a  weighed  filter,  washed,  dried, 
*  "Weighed.  The  filtrate  is  precipitated  with  chloride  of  barium  (§  132), 
"^^liich  operation  the  amount  of  that  portion  of  the  sulphur  isdetermin- 
^"liieh  has  been  converted  into  sulphuric  acid.    The  fluid  filtered  from 

^\ilphate  of  baryta  contains,  besides  the  excess  of  chloiide  of  barium 
^^<ly  also  the  volatile  metallic  chlorides;  which  latter  are  finally  deter- 
j^d  in  it  by  the  proper  methods,  which  will  be  found  in  Section  V. 
^^e  chloride  remaining  in  the  bulb-tube  is  either  at  once  weighed  as 
■^  (chloride  of  silver,  chloride  of  lead),  or  where  this  Ls  impracticable — 
*^  the  case  of  copper,  for  instance,  which  i*emain8  partly  as  subchloride, 
"^Xyas  chloride — it  is  dissolved  in  water,  hydrochloric  acid,  nitrohydro- 
^^c  acid,  or  some  other  suitable  solvent,  and  the  metal  or  metals  in  the 
^^ion  are  determined  by  the  methods  already  described,  or  which  aoII 

*bund  in  Section  V.  To  be  enabled  to  ascertain  the  weight  of  the 
^o-tube  containing  the  chloride  of  silver  or  chloride  of  lead,  it  is  advisa- 
^  to  reduce  the  chlorides  by  hydrogen  gas,  and  then  dissolve  the  metalt 

^tric  acid. 

tn  Oxidation  hy  Oxide  of  Mercury  {after  Bunsen). 

This  method,  which  will  be  found  in  detail  under  "  tlie  detern  inatioik 
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of  Hulphur  in  organic  bodies"  (§  186,  a,  4),  is  particularly  suited  tc»  thr 
vstiiiiiition  of  sulphur  iu  volatile  compouuds,  or  in  substances  wbid 
when  heated  lose  sulphur. 

2.  Methods  in  the  Wet  Way. 

a.    Oxidation  of  the  Sulphur  hy  Adds  yielding  Oxygen.* 

a.  Weigh  the  iiuely  pulverized  sulphide  in  a  small  glass  tube  seileo 
at  oue  eud,  aud  drop  the  tube  into  a  tolerably  capacious  strong  bonk 
with  glass  stopjier,  which  contains  red  fuming  nitric  acid  (perfectly  fm 
fr(»m  Hulphuric  acid)  in  more  than  sufTicient  quantity  to  elfect  thedecom- 
I>ositi(>u  of  the  sulphide.  Immediately  after  having  dropped  in  the  tube^ 
clone  the  bottle.  When  the  action,  which  is  very  impetuous  at  lii-8t,Iiii 
somewhat  abated,  nhake  the  bottle  a  little ;  as  soon  as  this  operatioii 
ceHH(;.s  to  cause  renewed  reaction,  and  the  fbmes  in  the  flask  have  cod- 
deuHi^d,  take  out  the  stopper,  rinse  this  with  a  little  nitric  acid,  letting 
the  rinsings  run  into  the  bottle,  and  then  heat  the  latter  gently. 

aa.  The  whole  of  Hie  Sal2)hur  Iiaa  been  oxidised,  the  Fluid  isperfff^ 
cleai\\ 

Dilute  with  much  water,  and  determine  the  sulphuric  acid  formed  ii 
directed  in  §  132.  Do  not  neglect  to  wash  the  precipitate  thoronffUr 
'W'itli  hot  water,  and  to  ascertain,  after  weighing,  whether  it  is  absoJate- 
ly  insoluble  in  dilute  hydrochloiic  acid.  Separate  the  bases  in  the  iS* 
trato  from  the  excess  of  the  salt  of  baiyta  by  the  proper  methods, fM  ^- 
will  bo  found  in  Section  V.  If  any  considerable  amount  of  nitric  w'  ■  ij 
has  been  used,  evaporate  the  excess  of  the  same  after  addition  ofwt  m  ,,,. 
nitmt«  of  potassa,  before  precipitating  the  sulphunc  acid.  f  h^ 

hh.    Undissolved  Sid j^hvr  floats  in  theflnid. 

Add  clilorato  of  potassa  in  small  portions,  or   strong  hydrocte  |  !^ 
acid,  and  digost  some  time  on  a  water  bath.    This  process  will  oftmflfr 
Ci't'd  iu  ilissolviug  tlie  whole  of  the  sulphur.     Should  this  ni>t  1*  * 
case,  and  the  undissolved  sulphur  ayipear  of  a  pun?  yellow  color,  to 
with  water,  colh^ct  on  a  w»»iglied  filter,  wash  carefully,  dr),  andve^* 
Aft(;r  weighing,  ignite  the  whole,  or  a  poi-tion  of  it^  to  ascertain  wb^w 
it    is  jx^rft'otly  pure.     If  a  fixed  residue  remains  (consisting  con"**? 
(►f  (juartz,  gangue,  tkc,  but  possibly  also  of  8uli>hnte  of  lead,  STilpi»«w» 
l)arvta,  vtc),  deduct  its  weight  from  that  of  the  impure  sulphur,  w* 
filtered  lluid  determine  the  sulphuric  acid  as  in  «f/,  calculate  the  wlpwj 
in  it,  anil  add  the  amount  to  that  of  the  undissolvt^d  sulphur.  I'* 
residue  left  upon  the  ignition  of  the  undissolved  sulphur  conUiitf*'^* 
soluble  sulphate,  decompose  this  as  directed  in  §  132,  and  add  tw*"" 
phur  found  in  it  to  the  princii)al  amount.  , 

In  the  presence  of  bismuth,  the  addition  of  chlorate  of  potia*"'* 
hydrochloric  acid  is  not  advisable,  as  chlorine  intei-feres  with  the  *•* 
Bunatiou  of  bLsiiiuth.  . 

i5.  Mix.  the  tincly  pulvemed  metallic  sulphide, in  a  dry  flask, by dj 
iiiLT,  with  powderecf  chlorate  of  potassa  (free  from  sulphuric  acid),  »»** 

•  In  presence  of  lead,  baryta,  strontia,  lime,  tin,  and  antimony,  methw* 
pre  fern  bio  to  u.  ,  a 

\  This  can  of  course  bo  the  cifle  only  in  absence  of  metals  fonning  ^"""r:  ■  '•• 
salts  with  Hulpluiric  ncid.     If  such  metals  arc  present,  proceed  asinW,*** 
in  that  case  less  easy  to  judge  whether  complete  oxidation  of  the  «d|hO"' 
been  attained. 


u 


**-■?: 
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erately  concentrated  hydrochloric  acid  in  small  portions.  Cover  the 
:  with  a  watch-glass,  or  with  an  inverted  small  flask.  When  the 
le  of  the  chlorate  of  potassa  is  decomposed,  heat  gently,  finaUy  on  the 
>r-bath,  until  the  fluid  smells  no  longer  of  chlorine.  Proceed  now  as 
3ted  in  a,  cm^  or  66  according  to  whether  the  sulphur  is  completely 
)lved  or  not.  In  the  latter  case  you  must  of  course  immediately  di- 
and  filter.  The  oxidation  of  the  sulphur  may  be  eflfected  also  by  heat- 
with  ordinary  nitric  acid  and  chlorate  of  potassa. 

Strong  nitrohydrochloric  acid  is  also  often  used  instead  of  the  oxi- 
Lg  agents  named  in  a  and  Q ;  however,  with  this  the  complete  con- 
ion  of  the  sidphur  into  sulphuric  acid  succeeds  more  rarely. 

Oxidation  of  the  Sulphur  hy  Chlo^nne  in  Alkaline  /Solution  (after 
3T,  Beudant,  and  Daouin.     Suitable  also  for  determining  the  sul- 

•  in  the  crude  article*). 

eat  the  very  finely  pulverized  sulphide  or  crude  sulphur,  for  several 
•8  with  solution  of  potassa,  free  frdm  sulphuric  acid  (which  dissolves 
sulphur,  as  well  as  the  sulphides  of  arsenic  and  antimony),  and  then 
luct  chlorine  into  the  fluid.  This  speedily  oxidizes  the  sulphur ;  the 
huric  acid  formed  combines  with  the  potassa  to  sulphate,  which  dis- 
es  in  the  fluid,  whilst  the  metals  converted  into  oxides  remain  undis- 
ed.  Filter,  acidify  the  alkaline  filtrate,  and  precipitate  the  sulphuric 
from  it  by  chloride  of  barium  (§  132).  Arsenic  and  antimony  pass 
the  alkaline  solution  in  the  form  of  acids,  but  not  so  lead,  which  is 
rerted  into  binoxide,  and  remains  completely  undissolved.  This 
bod  is,  therefore,  particularly  suitable  in  pi-esence  of  sulphide  of 
.  In  presence  of  sulphide  of  iron,  sulphate  of  potassa  is  foiTaed  at 
,  and  hydrate  of  sesquioxide  of  iron,  which,  if  the  action  of  the 
rine  is  allowed  to  continue,  will  be  converted  into  ferrate  of  potassa. 
soon,  therefore,  as  the  fluid  commences  to  acquire  a  red  tint,  the 
smission  of  chlorine  must  be  discontinued,  and  the  fluid  gently 
ed  for  a  few  moments  with  powdered  quartz,  to  decompose  the  ferric 

» 

occasionally  happens,  more  particularly  in  presence  of  sand,  iron 
^^«8,  oxide  of  copper,  Ac,  that  the  process  is  attended  with  impetu- 
disengagement  of  oxygen,  which  almost  completely  prevents  the 
zing  action  of  the  chlorine.  However,  this  accident  may  be  guarded 
^t  by  reducing  the  substances  to  be  analyzed  to  the  very  finest  pow- 

•  Methods   Based   on  the  Conversion  op  the  Sulphub  into 

Sulphuretted  Hydrogen  or  a  Metallic  Sulphide. 

The  determination  of  the  sulphur  in  the  sulphides  of  the  metals  of 
^kalies  and  alkaline  earths  soluble  in  water  is  best  effected — pro- 
d  they  are  free  from  excess  of  sulphur — by  I.,  6  or  c.  The  bases  are 
leniently  estimated  in  a  separate  portion,  which  is  decomposed  by 
Oration  with  hydrochloric  or  sulphuric  acid,  or — when  none  but 
•li-metals  are  present — by  ignition  with  5  parts  of  chloride  of  ammo- 
Ji  in  a  porcelain  crucible.  If  the  said  compounds  contain  excess 
nlphur  they  should  be  oxidized  either  by  chlorine  in  alkaline  solu- 
,  or  treated  according  to  jB,  c,  or  C  /  if  they  contain  hyposulphito  of 
hite,  proceed  according  to  §  168, 

*  Gompt.  Rend.  37,  835 ;  Joom.  f.  prakt.  Ghem.  61, 134 
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6.  Tlie  sulphur  contained  in  alkaline  fluids  as  monosalpliide  or  hjdr» 
sulphate  of  the  sulphide  may  also  be  determined  directly  by  Tolumetnc 
analysis,  by  means  of  a  standard  ammoniacal  zinc  or  silver  solutioiL  Tk 
foimer  is  added  to  the  solution  of  the  sulphide  of  the  alkali-met&l  mitili 
drop  coming  in  contact  with  a  drop  of  alkaline  solution  of  lead*  on  fil- 
ter paper,  no  longer  produces  a  black  line  (Fr.  MoHRf ).  Or  the  kte 
reagont  is  added  to  the  fluid — previously  mixed  with  ammonuaad 
warmed — till  a  further  addition  of  silver  solution  to  a  filtered  portioo 
only  gives  a  trifling  turbidity  (Lestelle).  The  methods  are  e^edallj 
adapted  to  technical  purposes,  e.  ^.,  for  the  estimation  of  the  sulphide  of 
sodium  in  soda-lyes,  &c, 

THIBD   OBOUP.  V 
NITRIC  AGIB.— CSLORIO  ACID. 

§149. 

1.  Nitric  Acid. 

I.  Determination, 

Free  nitric  acid  in  a  solution  containing  no  other  acid  is  determiDB^ 
most  simply  in  the  volumetric  way,  by  neutralizing  with  a  dilute  wJn^ 
tion  of  soda  of  known  strength  (comp.  Special  Part,  "  Addimetry")* 
The  following  method  also  eSects  the  same  purpose :  Mix  the  solntioa 
with  baryta  water,  until  the  reaction  is  just  aUcaline,  evaporate  dowlyii 
the  air,  nearly  to  dryness,  dilute  the  residue  with  water,  filter  the  tobr 
tion  which  has  ceased  to  be  alkaline,  wash  the  carbonate  of  baryta  formed 
by  the  action  of  the  carbonic  acid  of  the  atmosphere  upon  the  excenJ  o^ 
tlie  baryta  wat(;r,  add  tlie  washings  to  the  filtrate,  and  detemune  in  tic 
fluid  the  baryta  as  directed  in  §  101.  Calculate  for  each  1  eq.  baryt»l 
eq.  nitric  acid.  Lastly,  free  nitric  acid  may  also  be  determined  in  a  am- 
ple manner  by  supersaturating  with  ammonia,  evapoi*ating  in  a  weighed 
platinum  dish,  drying  the  residue  at  110®  to  120°,  and  weighing  the 

NH^  O,  N  O5  (SCHAFFOOTSCII). 

II.  Separation  of  nitric  acid  from  the  bases,  and  determination  of 

the  acid  in  nitrates. 

Tho  determination  of  nitric  acid  in  nitrates  is  an  important  and  occ^ 
sionally  a  difficult  problem,  which  has  of  late  years  much  occupied  th^ 
att<^^ntion  of  chemists.  Before  entering  upon  the  consideration  of  th^ 
question,  I  would  lay  it  do\^'n  as  a  general  rule,  that  whatever  nietb^ 
may  be  selected,  it  should  always  first  be  tried  repeatedly  upon  weigh^ 
quantities  of  a  pure  nitrate,  that  some  familiarity  with  the  details  ^' 
these  rather  complicated  processes  may  be  acquired.  Considering  t^ 
great  number  of  methods  that  have  been  proposed,  I  shall  confine  mys^^ 
to  describing  the  simplest  and  the  best. 

a  Metliods  betted  on  the  expulsion  of  the  Acid  in  the  Dry  TTay. 

a.  In  salts  of  the  heavy  metals  or  the  earths,  the  determination  c^ 
nitric  acid  may  be  efiected  by  simple  ignition  of  the  anhydrous  compound 

*  Made  by  mixing  sugar  of  lead.  Rochelle  salt,  and  solution  of  soda. 
t  Lehrbuch  der  Titririnethode,  S'"  Aull.  379. 
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are  certain  that  the  oxides  remain  in  the  same  condition  in  which 
rere  contained  in  the  decomposed  salt,  the  loss  of  weight  indicates 
e  the  quantity  of  nitric  acid  present. 

n  the  case  of  nitrates,  whose  residue  on  ignition  has  no  constant 
sition,  or  by  whose  ignition  the  crucible  is  much  attacked  (alkaline 
kaline  earthy  nitrates),  fuse  the  substance  (which  must  be  anhy- 
*nd  also  free  firom  organic  and  other  volatile  bodies)  with  a  non-vola- 
X,  and  estimate  the  nitric  acid  from  the  loss.  Silicic  acid  is  the  best 
s  it  may  be  readily  procured,  and  the  execution  is  the  most  easy 
le  most  certain  to  succeed.  I  shall  describe  the  method  in  its 
ition  to  nitrate  of  potassa  or  soda. 

e  the  latter  at  a  low  temperature,  pour  out  on  to  a  warm  poi'celain 

»owder  and  diy  agaiu  before  weighing.     Now  transfer  to  a  plati- 

rucible  2  to  3   grm.  powdered  quartz,  ignite  well  and  weigh  after 

5.     Add  about  0*5  grm.  of  the  salt  prepared  as  above,  mix  well, 

)nvince  yourself  by  the  balance  that  nothing  has  been  lost  during 

I,     The  covered  crucible  is  then  exposed  to  a  low  red  heat  (just 

by  day)  for  half  an  hour,  and  weighed  after  cooling  with  the 

The  loss  of  weight  represents  the  quantity  of  nitric  acid.     Sul- 

or  chlorides  are  not  decomposed  at  the  given  temperature ;  if  a 

he^t  be  applied,  the  latter  may  volatilize.    The  action  of  reducing 

Qust  be  avoided.  The  test-analyses,  communicated  by  Reich,* as  well 

« performed  in  my  own  laboratory,!  g*^ve  very  satisfactory  results. 

[fethod  based  on  tJie  distillation  of  tlie  ffydraie  of  Nitric  Add, 
nitrates  may  be  decomposed  by  distillation  with  moderately  dilute 
iric  acid.     The  nitric  acid  passing  into  the  receiver  may  then  be  de- 
led,  according  to  I.,  volumetrically  or  gravimetrically.     1  to  2  grm. 

nitrate  should  be  treated  with  a  cooled  mixture  of  1  volume  con- 
ted  sulphuric  acid  and  2  volumes  water.  For  1  grm.  nitre  take  5 
ilphuric  acid  and  10  c.  c.  water.  The  distillation  may  be  performed 
with  a  thermometer  at  160°  to  170°  in  a  paraffin  or  sand-bath 
ion  of  the  distillation  for  1  to  2  grm.  nitre,  3  to  4  hours),  or  in 

with  the  use  of  a  water-bath.  The  latter  process  is  the  best.  In 
rmer,  the  neck  of  the  tubulated  retort  (which  is  drawn  out  and 
own)  is  connected  with  a  bulbed  U-tubeJ  containing  a  measured 
ty  of  normal  soda  or  potassa  solution  (§  ).  The  distillation  in 
may  be  conducted,  without  the  use  of  an  air  pump,  according  to 
NER,|  as  follows:  transfer  the  measured  quantity  of  water  and 
Ltroted  sulphuric  acid  to  the  tubulated  retort,  and  the  necessary 
ty  of  standard  potassa  or  soda  solution  diluted  to  30  c.  c,  to  a  flask 
narrow  neck  of  about  200  c.  c.  capacity.  Then,  by  means  of  an  indiar 
•  tube,  connect  the  flask  with  the  retort  air-tight,  so  that  the  drawn- 
)iQt  of  the  latter  may  extend  to  the  body  of  the  flask,  and — with 
ire  open — ^heat  the  contents  of  the  retort  and  of  the  flask  to  boiling. 

the  air  has  been  expelled  from  the  apparatus  by  long  boiling,  trans- 
I  salt  (weighed  in  a  small  tube)  to  the  retort  through  the  tubulure^ 
;he  latter  immediately,  and  at  the  same  time  take  away  the  lamp, 
jtort  is  then  heated  with  a  water-bath,  the  flask  being  kept  cooL 

ig-  and  HUttenmannische  Zeitschrift,  1861,  No.  21 ;  Zeitschzift  f.  analjt. 

1,  86. 

[tschrift  f.  analyt.  Ghem.  1.  181. 

e  bulbed  U-tnbe  will  be  found  figured  §  185. 

tachrift  t  analyt.  Ghem.  1,  300. 
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The  quantity  of  uitric  acid  that  has  pawed  over  is  finally  aaoertMMIf 

iiHipMlil 


deteimining  the  still  free  alkali  with  atandazd  add. 
that  all  the  nitric  acid  has  not  been  driven  into  the  receiver  by  one  ( 
lation,  you  may^-by  heating  the  flask  and  cooling  the  retort  diitil  Ihi 
water  back  into  the  latter,  and  then  the  distillation  from  the  retort  Mf 
be  repeated.  The  distillate  thus  obtained  is  always  free  from  wdi^kat 
add,  hence  the  results  are  very  exact  The  base  remaina  as  siilpba  ia 
the  retort.  In  the  presence  of  chloride  add  to  the  contents  of  thentet 
a  sufficiency  of  dissolved  sulphate  of  BLlver,  or — ^when  much  ehkrab  is 
present — ^moist  oxide  of  silver.  The  nitric  add  is  then  obtained  entinfy 
free  from  chlorine. 

c.  Meihodi  bcued  on  the  decomponthn  oflfUraiee  bjf  Alkeiiay  <fe 

a.  Nitrates^  whose  bases  are  completely  sepaaoated  by  causlac  or  or- 
bonated  alkahes — ^provided  bade  salts  are  not  predpitated  at  the  ■■• 
time — ^may  be  analyzed  by  simple  boiling  with  an  excess  of  itndvd 
potassa  or  soda  or  their  carbonates.  After  cooling,  dilute  to  j-  or  jEtie^ 
mix,  allow  to  settle,  draw  off  a  portion  of  the  supernatant 


termine  the  free  alkali  remaining  in  it,  and  calculate  therefrom  the  aoont 
consumed  by  the  nitric  add.  Hates  obtained  with  the  nitrates  of  ahtr 
and  bismuth  good  results ;  but  with  subnitrate  of  mercury  (using  carte- 
ate  of  soda)  iJ^e  results  were  not  so  satisfactoiy.* 

j3.  In  nitrates,  whose  bases  are  predpitated  by  hydrate  of  bsrfii  or 
lime,  or  by  their  carbonates  (or  by  sulphide  of  barium),  the  dtne  tod 
may  be  estimated  with  great  accura^  by  filtering,  after  predpitatioa  to 
been  effected,  warm  or  cold,  passing  carbonic  add  throng  the  fittnlB,if 
necessary,  till  aU  the  baryta  is  predpitated,  wanning,  filtenng,indditr- 
mining  the  baryta  in  the  filtrate  by  sulphuric  add.  1  eq.  of  the  sum  €or- 
respondH  to  I  eq.  of  nitric  add.  [In  case  of  bismuth-salts,  boil  mKlH  tbe 
separated  oxide  is  perfectly  yellow.    PAlGffi], 

7.  In  many  nitrates  whose  bases  are  predpitable  by  sulphuretted  jtf* 
drogen  the  nitric  acid  may  be  determine  according  to  GiBBS  by  addis^ 
to  the  salt  in  solution  about  its  own  weight  of  some  neutral  organic  8B^v 
€.<7.,  Rochelle  salt,  and  throwing  down  the  metal  by  HS.  The  filtrate i*^^ 
washings  are  brought  to  a  definite  bulk  and  the  free  add  is  determinedly 
aliquot  portions  alkalimetrieally.f 

d.  Methods  based  upon  the  decomposition  of  the  NUrie  Add  bjf  PrOi^ 

chloride  of  Iron, 

Method  of  P£louze|  and  Fresenius.     The  decompodtion«isas  €^^ 

lows : 

6  Fe  Cl+K  O,  N  0^+4  H  CI  =  4H  0+K  Cl+3  Fe.CI,+N  Or 

a.  Select  a  tubulated  retort  of  about  200  c.  c.  capadty,  with  along  neC^^ 
and  fix  it  so  that  the  latter  is  inclined  a  little  upwards.     Introduce  iu*-^ 
the  body  of  the  retort  about  1*5  grm.  fine  pianoforte  wire,  accurat^^ 
weij^hed,  and  add  about  30  or  40  c.  c.  pure  fuming  hydrochloric  ac?'^ 
Conduct  now  through  the  tubulure,  by  means  of  a  glass  tube  reach' 
only  about  2  cm.  into  the  retoi-t,  hydrogen  gas  waslied  by  solution' 
potassa,  or  pure  carbonic  acid,  and  connect  the  neck  of  the  retort  wit 
TJ-tube  containing  some  wat«r.    Place  the  body  of  the  retort  on  a 
bath,  and  heat  gently  until  the  iron  is  dissolved.     Let  the  contents 


*  H.  Rose,  Zeitschrift  f.  analyt.  Cfaem.  1,  808. 
Am.  Jour.  Soi  zliv.,  209. 
Joum.  f .  prakt.  Chem.  40,  824. 
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the  retort  cool  in  tho  current  of  hydrogen  gas  or  carbonic  acid ;  increase 
the  latter,  and  drop  in,  through  the  neck  of  the  retort,  into  the  body,  a 
imall  tube  containing  a  weighed  portion  of  the  nitrate  under  exainina- 
tioD,  which  should  not  contain  more  than  about  0*200  grm.  of  uitiic 
add.  After  restoring  the  connection  between  the  neck  and  the  U-tube, 
heat  the  contents  of  the  retort  in  the  water-bath  for  about  a  quarter  of 
•n  hour,  then  remove  the  water-bath,  heat  with  the  lamp  to  boiling,  un- 
til the  fluid,  to  which  the  nitric  oxide  had  imparted  a  dark  tint,  shows 
the  color  of  sesquichloride  of  iron,  and  continue  boiling  for  some  minutei 
longer.  Care  must  be  taken  to  give  the  fluid  an  occasional  shake,  to 
prevent  the  deposition  of  dry  salt  on  the  sides  of  the  retort.  Before  you 
discontinue  boiling,  increase  the  current  of  hydrogen  or  carbonic  acid 
gaS)  that  no  air  may  enter  through  the  U-tube  when  the  lamp  is  removed. 
I«t  the  contents  cool  in  the  cuirent  of  gas,  dilute  copiously  with  water, 
uid  deteimine  the  iron  still  present  as  protochloride  by  permanganate 
(see  Note,  p.  198) — 168  of  iron  converted  by  the  nitric  acid  from  the  state 
<>f  proto-  to  that  of  sesquichloride  correspond  to  54  of  nitric  acid.  My 
*G8t-analy8es  of  pure  nitrate  of  potassa  gave  100*1 — 100*03 — 100*03,  and 
100'05  instead  of  100.*  [The  remaining  sesquioxide  may  also  bedeter- 
o^ined  by  hyposulphite  of  soda,  p.  203,  3  6.]. 

[0,    ScHLosiNO^s  meihod,  t  modified  by  Fruhling  and  Grouven.  J 

The  following  method,  employed  by  Sc^hlosino,  more  particularly  to 

«^^*^rmine  nitric  acid  in  tobacco,  and  which  affords  this  very  important 

•**vantage,  that  it  may  be  used  in  presence  of  organic  matter,  has  suc- 

^^^^^ully  passed  through  the  ordeal  of  numerous  and  searching  experi- 

'oents. 

Tbe  dissolved  nitrate  is  intro- 
<^^ced  into  a  flask  of  400  c.  c. 
opacity,  fig.  62,  which  is  con- 
JJ&irted,  by  means  of  an  indiar 
'^^l^r  stopper,  with  a  naiTow 
gla^Mj  tube,  a,  which  is  joined  by 
ni^s^ns  of  a  rubber  tube  8  cm. 
*^j  with  another  glass  tube 
"^^.t  is  again  terminated  at  c?, 
^y  »  piece  of  rubber  tube.   At 
^  ^  pinch-cock  is  placed.     The 
^l\ition  of  the  nitrate,  which 
^vi.st  be* neutral  or  alkaline,  is 
"patted  to  boiling,  d  being  sta- 
tioned in  a  beaker  of   water, 
11111:11  the   atmospheric   air   is 
perfectly  expelled  from  the  apparatus.    When  the  vapors  that  pass  over 
completely  condense  in  </,  the  pinch-cock  c  is  closed  ard  the  lamp  is 
removed.     Water  immediately  rises  in  the  tube  and  filln  it  entirely  to 
c»       Shortly  the  vapors  in  the  flask  condense,  as  8ho\^'Ti  by  the  collapse  of 
^©  rubber  tube  at  c.     At  this  moment  the  tube  d  is  removed  from  the 
▼a.t«r  and  dipped  in  a  glass  containing  a  solution  of  protochlorJc**»  ^^ 
iron  ixi  hydrochloric  acid. 

2  -^linal  d.  Chem.  u.  Pharm.  106,  217. 

t  ^nsiBl.  de  Chim.  3  s^r.  torn.  40,  479  ;  Joum.  f.  prakt.  Chem.  63, 14$. 

^    ^ejBuchs-Stationeii,  IX.  14 
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1*)ip  pincb-cock  u  cautiously  opened  ao  hs  to  allcnr  tiw  pTDtodhrik 
U.  enter  the  flank  slowlj.  When  Eufficieut  of  the  iron  Bolntion  hubM 
introiliiced,  the  pinch-cock  is  cloHed,  and  d  is  hrougbt  into  a  vetMlof 
hj-drocbloric  acid,  anil  portions  of  this  are  made  to  ent«r  the  fluk  in  Ik 
uanii!  manner  repeatedly  until  the  tubes  are  completely  washed  of  t&ja 
turhloride.  IntheHooperationfl,a3inalItheBubaequeDttraiiH(bn,itiinM 
ful  to  exclude  all  traces  of  ail',  which  ie  easy,  provided  thedropof  tiqmd 
tliat  hangs  to '/  when  ii  is  carried  from  one  liquid  to  another,  is  not  allom 
to  fail  oil'.  Finally,  the  tube  is  rinsed  once  by  allowing  boiling  witii 
to  recede,  and  then,  the  cock  being  closed,  the  tube  d,  atiU  lull  of  in 
is  passed  into  the  lateral  tubulure  of  the  receiver,  fig.  63,  which  at) 
imniened  in  mercury. 

The   flask  is  ^ain  gently  heated  and  its  contents  immediately  Ml 
with  violent  thumping.     The  solution  becomes  black,  and  shortlj  lb 
collapsed  rubber  tube  at  c  shows  that  there  is  interior  preesare,  / 
soon  as  this  is  evident,  open  the  cock  and  allow  the  nitric  oiideps 
pass  over  into  the  receiver. 

The  receiver,  fig.  63,  has  a  rough-ground  neck,  which  uctamedd^ 
rubber,  /,  with  a  brass  cock ;  *  the  latter  is  likewise  joined  by  mbbff tl 
a  short  glass  tube,  g.  Into  thia  receiver,  ike  «A 
being  ot)en.  Home  water,  fread  from  air  by  longbvil- 
ing  and  cooled  in  a  closed  vessel,  ia  iutroduced  ^  > 
tall  funnel-tube  fitted  iiito  the  tubultire,  and  tb^i 
mercury  is  poured  in  until  it  fills  the  vessel  up  to 
the  lower  edge  of  the  rubber,/.  In  this  opewtit" 
tiie  cock  and  small  tube,  g,  should  be  overiJUed  tUt 
the  water  previously  added.  The  receiver  is  tbn* 
empty  of  all  air,  and  stands  with  the  tubulnie  to'^' 
ered  with  mercury,  as  ia  fig.  64, 

By  means  of  a  pipette,  having  a  narrow  mbh'' 
tube  slipped  over  its  lip,  about  50  c,  C,  of  tLick  »■** 
■    well-boiled  milk  of  lime  are  passed  into  the  rccci ■*■'*' 
through  the  tulnilun'.    This  ia  to  absorb  the  ''y'^'T, 
_o  chloric  iicid  which  boils  over  from  the  flask,  and  *- 

^*"     '  receiver  is  shaken  to  facilitate  the  absorptio 

The  nitric  oxide,  expelled  from  the  flask  by  continual  boiling,  gather^ 
the  receiver  in  a  state  of  purity,     Thejierioil  ofitscoinplete  transfer  is  ^^ 
Rctly  marked  by  the  deposition  of  the  milk  of  lime,  which  is  thrown  if -^'^ 
agitation  by  the  passage  of  a  permanent  gaa,  but  quietly  condenses  ■ 

nWirbs  steam  and  hydi-oi-hloiic  acid.     The  comjiletion  of  the  re*etioB»'  ^ 
aUo  indicated,  in  case  pure  nitmti'S  are  employed,  by  the  liquid  in  f     j. 

(lask  asfuniing  the  color  of  pure  sesqui chloride  of  iron.     \Vhen  ila 

'■egetable  extracts  are  under  analysis  this  indication  is  not  ofi'ercd, ^ 

Should  the  nitric  oxide  come  off  in  quantity  greater  than  the  receir 
can  contain  at  once,  the  cocks  are  closed  and  llie  lamp  is  removed  frcc:^^'--^ 
an<ler  the  llnKk. 


Tlie  receiver  is  then  emptied,  as  is  subsequently  described,  chsig-i"^^^^^ 
incw  with  water,  mercury,  and  milk  of  lime,  reconnected,  and  the  bo^^"^ 
ing  resumed. 

When  the  nitric  oxide  has  Iwen  completely  collected  in  the  recei' 
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lUBt  W  transferred  to  a  eecond  flask,  to  be  coavertod  into  uitiiu 

Ilia  flask,  fig.  6i,  arranged  like  the  one  already  described,  contains  at 
.  about  100  c.  c.  of  pure  water,  which  ia  boiied  to  expel  all  atiiio- 
ario  air,  and  while  atill  boiling  vigorously  is  coiuieot«d  with  the 
iver  by  {lasaing  the  end  of  the  tube  x  over  the  glass  tube  ff,  of  the 
ST.  The  lamp  is  then  removed,  and  when  collapse  of  the  rubber  tube 
M  place,  the  brass  stopcock  of  the  receiver  is  lightly  and  cautiously 
sed  and  the  gas  allowed  to  recede  into  the  flask  until  the  milk  of 
I  reaches  the  lower  edge  off.  The  cock  is  then  closed  and  the  last 
ions  of  nitric  oxide  are  rinsed  into  the  flask  by  passing  into  the 
iver  a  few  (30-30)  c.  c.  of  pure  hydi'ogen  (washed  by  passing  through 
)f  viti-iol  and  milk  of  lime),  and  allowing  this  to  recede  in  the  same 
.  This  rinsing  is  repeated  three  or  four  times.  The  rubber  tube 
ow  closed  by  a  pinch-cock  at  j/,  and  discormected  from  the  receiver. 
s  then  united  in  the  same  manner  with  a  gas-holder  containing  pure 
gen  under  pressure,  and  the  gas  ia  made  to  enter  the  flask.  It  is 
)rbed  with  the  appearance  of  red  fiimea  and  the  formation  of  nitric 
L  After  half  an  hour  or  so,  the  flaak  being  oocasionally  ahakeo,  the 
ic  acid  is  dissolved  in  the  water  of  the  flask,  and  nuiy  be  estimated 
t  standard  alkaline  solution,  §  — . 


Fig.  M. 

AChliko  and  Gbodtbh,  who  applied  this  method  to  the  estimation 
titrates  in  plants,  extracted  the  dried  vegetable  with  alcohol  of  50 
oent.,  eTaporat«4  the  solution  to  a  small  volume,  precipitated  with 
41c  lime,  and  employed  the  filtrate  for  the  analjais,  For  details^ 
tlieir  paper,  toe  cU."] 

>.  Method  b(u«d  on  Aeeanveraion  of  thfaNUrie  Acid  iTtioAnmwma. 
F'anitratebe  placed  cold  in  an  acid,  or  be  heated  in  an  alkaline  fluid 
'liich  nascent  hydrogen  is  evolved  in  sufficient  quantity,  all  the  nitric 
1  may  be  converted  into  ammonia,  so  that  from  the  amount  of  the 
er  the  quantity  of  the  nitric  acid  may  be  accurately  deduced,  Nbsbit* 
Ithe  first  to  arrange  a  method  fur  the  determination  of  our  acid  on  thii 

■  Quart.  JmuD  Chem.  Boo.  1,  p.  SSL 
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principle.  Aftsrwuda  Sghuub,*  HABCOtnT,f  aaA  Smnsr^  "W"^ 
prooessefl  with  the  same  object.  Nksbit  reduoea  with  nne  in  madnl» 
tion.  Tlie  others  reduce  in  alkaline  Holntioii,  Bcholib  with  phtimMJ 
sine,  Harcx)dbt  and  Sibwxbt  with  zino  and  iron  filing 

To  reduce  0'65  gnn.  (10  graina,  of  nitre,  Neabit  dii«cts  to  phea  U(C 
20  gnn.  of  thin  clean  fragments  of  zinc  in  a  flaak  wttti  mmm  mlm. 
From  16  to  20  co.  of  hydrochloiio  add,  sp.  gr.  1'17,  an  pound  ovt  iM> 
a  small  measure,  and  about  one-tenth  part  ia  added  to  Aeanc  and  wiIk 
When  eSbrvesoence  has  fiurly  commenced,  a  portion  of  the  nitnt^  fn- 
Tioualy  dissolved  in  water,  is  added  to  the  mixture.  Hie  toDpenOn 
must  be  kept  low,  if  necessary,  by  placing  the  vessel  in  cold  wate.  U- 
ter  a  short  period  a  little  more  acid  is  added,  and  then  a  little  nitrate,  mtil 
all  the  solution  of  the  oitr&te  and  the  washings  are  pont«d  in  and  about  cii» 
fourth  of  the  acid  is  lefl.  Care  should  be  teken  tiiat  for  the  first  hom  tb 
efiervcAcenoe  be  slow.  When  the  whole  of  the  solution  of  the  nilnle  ii 
poured  in,lheremainder  of  the  acid  must  be  added  from  time  to  time,Hd 
the  whole  leit  until  effervescence  ceaaea.  The  liquid  is  separated  from  Ai 
undissolved  zino  which  is  washed  with  the  amallest  quantity  of  watff,iBi 
the  liquid  is  distilled  with  hydrate  of  lime  or  potuh,  and  the  taa/at 
estimated  as  directed  g  99, 3.  Instead  of  distilling  off  tiia  ammmiii,  A* 
acid  solution  is  brought  to  a  volume  of,  say  60  a.0.,  and  10  o.  c.  an  tnilai 
in  the  asotometer  according  to  8  99,  4.  The  reanlts  are  good  if  A> 
directions  are  followed  stricUy.  It  is  especially  needful  not  to  allovAi 
reducing  action  to  proceed  too  vigorously,  as  otiierwise  th«  mixtmv  pO 
warm  and  binoxide  of  nitrogen  escapes.  A.  nmHur  proceaa  of  redortii* 
has  given  good  results  in  the  hands  of  Krocxeb  and  DtXTSlcH.| 

SiEWEBT  employs  to  about  1  grm.  nitre,  i  grm.  iron  filing  and  B— 10 
grm.  zinc-filings,  and  also  16  gtm.  solid  hydrate  of  potassa  and  lOOct- 
alcohol,  0'825  sp.  gr.  By  the  use  of  alcohol  the  danger  of  the  boibng 
fluid  receding  is  got  rid  of.  His  apparatus  conBista  of  a  flaak  of  300 — !M 
c.  c.  ca^iocity  with  evolution  tube,  which  leads  to  the  flasks  represented  m 
&g.  65.  The  capacity  of  each  is  150 — 200  c.  c. ;  they  contain  nonnsladi 
The  connecting-tube  b  is  ground  oblique^ 
at  both  ends,  c  serves  during  the  opentMn 
to  hold  a  atrip  of  litmus  paper,  and  ifl^ 
it  to  enable  the  analyst  to  transfer  (he  fliu' 
from  one  flask  to  the  othei-  at  will.  AfW 
the  apparatus  has  been  put  bogetiei,^ 
disengagement  of  gas  may  be  allowed  b> 
go  on  in  the  cold,  or  it  may  be  laa^ 
&om  the  first  hy  a  small  flame.  Aiter  *■' 
lapse  of  half-an-hour  the  ttmnnmw  fiwoM 
begins  to  pass  over  in  proportion  satH 
alcohol  distils  off.     As  soon  as  thetttt* 

^^  ig  fully  removed  from  the  evolutiiin  fa^t 

pj^  gg  heat  is   applied  with  great  cauti<u-^ 

drive  out  the  last  traces  of  ammoi>ia--tiU 

steam  appears  in  the  evolution  tube,  or  10 — 15  c.  c.  alcohol  are  rqodtj 

introduced  once  or  twice  into  the  evolution  flask  and  distilled  otL    Thi 

is  determined  as  above.     Test-analyses  good. 
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f,  Meihods  tn  which  the  Nitrogen  ofihe  JRtric  Acid  is  sepa/rated 
and  meaeured  in  the  goiseous  form, 

lese  methods  01*6  more  pai*tioularly  suitable  -for  analyziug  nitrates 
n  are  decomposed  by  ignition  into  oxide  or  metal  and  oxides  of 
>gen ;  they  will  be  found  in  the  Section  on^he  Ultimate  Analysis  of 
mic  Bodies,  §  184.  Marignac  employed  them  to  analyze  compounds 
trie  acid  with  suboxide  of  mercury.  Bromeis  analyzed  nitrite,  *fcc., 
>ad  by  a  similar  method,  recommended  by  Bunsen.  In  cases  where 
intended  to  determine  the  water  of  the  analyzed  nitrate  in  the  direct 
,  such  methods  are  almost  indispensable.* 


§  150, 

2.  Chloric  Acid. 

L  JDet^rmination. 

ree  chloric  acid  in  aqueous  solutionmay  be  determined  by  converting 
ito  hydrochloric  acid  by  the  agency  of  nascent  hydrogen  (II.,  c), 
determining  the  acid  formed,  as  directed  in  §  141 ;  or  by  saturating 
I  solution  of  soda,  evaporating  the  fluid,  and  treating  the  residue  as 
cted  in  II.,  a  or  6. 

XL  Separation  of  Chloric  Acid^rom  the  Bases  and  Determina- 
tion of  the  Acid  in  ClUorates, 

After  BuNSEN.f  When  warm  hydrochloric  acid  acts  upon  chlo- 
3,  the  latter  are  i^educed;  as  this  reduction  is  not  attended  with 
ration  of  oxygen,  the  following  decompositions  may  take  place  : — 


CI 
HO 


ino        CIO.  (sCfO       CIO*     Sl^^      CIO,     (f^,     CIO5     U 
!hO        2HC1|2H0        9nCl\l^^      4HC1  j^^l^SHCl  J5 

cli  of  these  products  of  decomposition  may  actually  be  formed, 
her  all  or  only  certain  of  them,  cannot  be  foreseen.  But  no  matter 
h  of  them  may  be  formed,  they  all  of  them  agree  in  this,  that,  in 
U5t  with  solution  of  iodide  of  potassium,  they  liberate  for  every  1 
sliloric  acid  in  the  chlorate,  6  eq.  iodine.  762  of  iodine  liberated 
(Spend  accordingly  to  75-46  of  chloric  acid.  The  analytical  process 
cxducted  as  described  §  142,  1. 

After  Sestini.J  To  the  concentrated  aqueous  solution  of  the 
hed  chlorate  add  a  piece  of  zinc  and  then  some  pure  dilute  sulphuric 
itod  allow  to  stand  for  some  time  (with  O'l  grm.  chlorate  of  potassa, 
^n  hour  is  sufficient).  By  the  nascent  hydrogen  the  chloric  acid  is 
drted  into  hydrochloric  acid,  which,  after  removal  and  rinsing  of  the 

is  determined  according  to  §  141.  To  use  the  volumetric  method 
:1,  bj  a),  the  sulphuric  acid  is  first  precipitated  with  niti-ate  of  baryta, 

the  zinc  and  excess  of  baryta  with  carbonate  of  soda,  the  liquid  is 
od  and  neutralized,  then  chromate  of  potassa  is  added,  and  finally 
lard  silver  solution. 

*  See  also  Gibbs,  Am.  Joum.  Sol ,  xxxvil.  350L 

JAnnaL  d.  Cbem.  u.  Pharm.  86,  282. 
2eitBchnft  f.  an&lyt  Chem.  1,  50a 
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c.  The  bases  are  delermined  with  advantage  in  a  separate  portioi^ 
by  converting  the  chlorate  either  by  very  cautious  ignition,  or  bj  wun 
ing  with,  hydrochloric  acid  into  chloride. 

The  estimation  of  hypocJdorouB  add  will  be  described  in  the  Speoii 
Part^  article  *'  Chloiimetry.'' 
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SECTION  V. 

SEPABATION  OF  BODIES. 

§161. 

"the  previous  Section  we  hare  considered  the  methods  employed  for 
>  deteimination  of  bases  and  acids,  when  only  one  base  or  one  acid 
r>  resent.  In  the  present  Section  we  shall  treat  of  the  separation  of 
3.ies,  i,  0.,  the  determination  of  the  bases  and  acids,  when  several  bases 
^Kids  are  present. 

BTTie  separation  of  bodies  may  be  effected  in  three  ways,  viz.,  a,  by 
'^sct  analysis  /  6,  by  indirect  analysis  /  c,  by  estimation  by  difference. 
By  direct  analysis^  we  understand  the  actual  separation  of  the  bases 
lacids.  Thus,  we  separate  potash  from  soda  by  bichloride  of  platinum ; 
^per  from  tin  by  nitric  acid ;  arsenic  from  iron  by  sulphuretted  hydro- 
^  ;  iodine  from  chlorine  by  nitrate  of  protoxide  of  palladium ;  phos- 
:^ric  acid  from  sulphuiic  acid  by  baryta ;  carbon  from  nitrate  of  potassa 

""Water,  Jkc,  <kc.  In  direct  analysis  we  render  the  body  to  be  esti- 
insoluble,  while  the  other  remains  in  solution,  or  vice  versd,  or  we 
tilize  it,  leaving  the  others  behind,  or  we  effect  actual  separation  in 
other  manner.  This  Is  the  mode  of  analysis  most  frequently  em- 
gyed.  It  generally  deserves  the  preference  where  choice  is  permitted. 
S^e  term  an  analysis  indirect,  if  it  does  not  effect  the  actual  separation 

'the  bodies  we  wish  to  determine,  but  causes  certain  changes  which 
^le  \j»«  to  calculate  the  quantities  of  the  bases  or  acids  present.  Thus 
ifc  quantity  of  potash  and  soda  in  a  mixture  of  the  two  may  be  deter- 
tied  by  converting  them  into  sulphates,  weighing  the  latter,  and  esti- 
•^^ing  the  sulphuric  acid  (§  152,  3). 

fcnally,  if  we  weigh  two  bodies  together,  determine  one  of  them,  and 
afctract  its  weight  from  that  of  the  two,  we  shall  find  the  weight  of  the 
fcjer  body.  In  this  case  the  second  body  is  said  to  be  estimated  by 
Werence,  Thus,  alumina  may  be  determined  when  mixed  with  sesqui- 
liide  of  iron,  by  weighing  the  mixture  and  estimating  the  iron  volu 
Irically. 

Kndirect  analysis  and  estimation  by  difference  may  be  employed  in  an 
l^eedingly  large  number  of  cases ;  but  their  use  is  as  a  rule  only  to  be 
Nnnmended,  where  good  methods  of  true  separation  are  wanting.  The 
^dal  cases  in  which  they  are  preferable  to  direct  analysis  cannot  be  all 
\B6een  ;  those  alone  are  pointed  out  which  are  of  more  frequent  occur- 
^00.  As  regards  the  calculations  required  in  indirect  analysis  I  have 
*eii  general  directions  under  the  "  Calculation  of  Analysis ; "  whei*e- 
8ar  it  appeared  judicious,  I  have  added  the  necessary  directions  to  the 
Icription  of  the  method  itself. 

I  have  retained  our  former  subdivision  into  groups,  and,  as  far  us 
icticable,  systematically  arranged,  first,  the  general  sepaiiitiou  of  all 
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the  bodies  belonging  to  one  group  from  thooe  of  tlie  preceding  grovpi; 
secondly,  the  separation  of  the  individual  bodies  of  one  group  fromaDv 
from  certain  bodies  of  the  preceding  groups;  and  finally,  the  sepantiai 
of  bodies  belonging  to  one  and  the  same  group  from  eadi  other.  ItUnk 
I  need  scarcely  observe  that  the  general  methods  which  aerretosepinli 
the  whole  of  the  bodies  of  one  group  from  those  of  another  group,  in 
also  applicable  to  the  separation  of  every  individual  body  of  the  om 
graup  from  one  or  several  bodies  of  the  other  group.  It  must  not  be 
understood  that  the  more  special  methods  are  necoBsarily  in  all  cm 
preferable  to  the  more  general  ones.  As  a  rule  it  must  be  left  to  iodi* 
vidual  chemists  to  decide  for  themselves  in  each  special  case  which 
method  should  be  adopted.  With  respect  to  the  general  methods  for  » 
parating  one  group  from  another,  I  would  observe  that  those  addoced 
ap})eared  to  me  more  adapted  to  the  purpose  than  others,  but  still  then 
may  be  other  that  are  equally  suitable,  and  in  special  cases  even' more  n 
A  wide  field  is  here  open  to  the  ingenuity  of  tne  analyst. 

The  methods  given  for  the  separation  of  both  bases  and  adds  m 
generally  based  upon  the  supposition  that  they  are  in  the  free  state,  tai 
in  the  form  of  salts  soluble  in  water.  Wherever  this  is  not  tlie  om^ 
special  mention  is  made  of  the  circumstance. 

From  among  the  host  of  proposed  methods,  I  have,  as  fiur  as  uaeti* 
ble,  chosen  those  which  have  been  sanctioned  by  experience  and  are  d» 
tinguished  for  accurate  results.  In  cases  where  two  methods  wsrecai 
par  with  each  other  as  regards  these  two  points,  I  have  mther  given  bott^ 
or  selected  the  more  simple  one.  Methods  whidi  experience  has  showit* 
be  defective  or  fEilIacious  have  been  altogether  omitteid.  I  have  endeatond 
to  point  out,  as  far  as  possible,  the  particular  circumstances  under  vhkh 
either  the  one  or  the  other  of  several  methods  deserve  the  prefereDoe; 

Where  the  accuracy  of  an  analytical  method  has  been  established 
already,  in  Section  lY.,  no  fiirther  statements  are  made  on  the  sabjeck 
here.  Paragraphs  of  former  Sections  deserving  particular  attentum  9Xt 
referred  to  in  parentheses. 

Tlie  extension  of  chemical  science  introduces  almost  every  dij  n«* 
analytical  methods  of  every  description,  which  are,  rightly  or  wiongly» 
preferred  to  the  older  methods ;  the  present  time  may  therefore  be  looW 
upon  in  this,  as  in  so  many  other  respects,  as  a  period  of  transitifflH  ^ 
which  the  new  strives  more  than  ever  to  overcome  and  supplant  thedd. 
I  make  this  remark  to  show  the  impossibility  of  always  adding  totha 
description  of  a  method  an  opinion  of  its  usefulness  and  accuracy,  f^ 
also  to  point  out  the  importance,  under  such  circumstances,  of  a  jffoptf 
systematic  arrangement.  I  have  in  this  Section  generally  arranged^ 
various  analytical  methods  upon  the  basis  of  their  scientific  piincipicfli 
firmly  persuaded  that  this  will  greatly  tend  to  facilitate  the  study  ol  the 
science,  and  will  lead  to  endeavors  to  apply  known  principles  to  the  a0p>>* 
ration  of  other  bodies  besides  those  to  which  they  are  already  appliod,« 
to  apply  new  principles  where  experience  has  proved  the  old  onea&Ua' 
oious,  and  the  methods  based  on  them  defective. 

I  conclude  these  introductory  remarks,  with  the  important  caution  to 
the  student,  never  to  look  upon  a  aeparation  as  succeasftdfy  ocoompliAd^ 
before  he  luis  conmnced  himself  that  the  weighed  predpiUUea^  dx^  ore  msfi 
and  free  from  those  bodies  from  which  it  was  inUnded  to  BqHvraie  Amu 


152.J  BASES  OF  GROUP  I.  ^39 

I.  SEPARATION  OF  THE  BASES  FROM  EACH  OTHER. 

FIRST  GROUP. 
POTA88A — SODA — ^AMMONIA — (lITHIA).* 

§  152. 

Index  : — The  Nos.  refer  to  those  in  the  mazgin. 
Potassa  from  soda^  1,  5. 

'^  *'''    ammonia,  8.  4. 

Soda  from  potassa,  1,  5. 

*'       •*     ammonia,  3,  4. 
Ammonia  from  potassa,  3,  4. 

*'  "•     soda,  3,  4. 

(Lithia  from  the  other  alkalies,  6,  7,  8.) 

1.  Methods  hosed  upon  the  different  Decrees  of  Solubility  in  Alcohol^ 
of  the  Double  Chlorides  of  the  Alkali  Metals  and  Dichloridt 
of  Platinum,) 

a.   POTASSA  FROM   SODA. 

It  is  an  indispensable  condition  in  this  method  that  the  two  alkalies     1 

fllionld  exist  in  the  form  of  chlorides.  If,  therefore,  they  are  present  in 

any  other  form,  they  must  be  first  converted  into  chlorides,  which  in 

most  cases  may  be  effected  by  evaporation  with  liydrochloric  acid  in 

excess ;  in  the  case  of  nitrates  the  evaporation  with  hydrochloric  acid 

must  be  repeated  4 — 6  times  till  the  weight  of  the  gently  ignited  mass 

ceases  to  diminish.     In  presence  of  sulphuric  acid,  phosphoric  acid, 

and  boracic  acid,  this  simple  method  will  not  answer.  For  the  methods 

of  separating  the  alkalies  from  the  two  latter  acids,  and  converting 

them  into  chlorides,  see  §§  135  and  136.     The  presence  of  sulphuiic 

*cid  being  a  circumstance  of  rather  frequent  occurrence,  the  way  of 

meeting  this  contingency  is  given  below  (2). 

Determine  the  total  quantity  of  the  chloride  of  sodium  and  chloride 
ofpotassiumf  (§§  97,  98),  dissolve  in  a  small  portion  of  water,  add  an 
excess  of  a  concentrated  neutral  solution  of  bichloride  of  platinum  in 
^ter,  evaporate  on  the  water-bath  nearly  to  dryness  (the  double 
cbloride  of  platinum  and  sodium  should  not  lose  its  water  of  crystal- 
"ottion),  treat  the  residue  with  alcohol  of  from  '86  to  "87  sp.  gr.,  cover 
the  beaker  or  dish  with  a  glacis  plate,  and  allow  to  stand  a  few  hours, 
^th  occasional  stirring.  If  the  supernatant  fluid  appears  of  a  deep 
yjpow  color,  this  is  a  proof  that  a  sufficient  quantity  of  bichloiide  of 
platinum  has  been  used  to  precipitate  the  whole  of  the  potassium, 
"hen  the  precipitate  has  settled,  pour  off  the  clear  fluid  through  a 
Weighed  filter  and  examine  the  precipitate  most  minutely,  if  necessary, 
^th  the  aid  of  a  microscope.  If  it  is  a  heavy  yellow  powder  (suffi- 
ciently magnified,  small  octahedral  crystals,  it  is  the  pure  chloride  of 

*  With  regard  to  the  separation  of  the  oxides  of  csesium  and  mbidium  from  the 
otber  alkalies,  see  Watts'  Dictionary  of  Chemistry,  1.  p.  1113. 

f  Never  weigh  the  chlorides  of  the  alkali  metals  before  you  have  convinced 
yoarself  of  their  purity  by  dissolving"  them  in  water,  which  should  give  a  clear 
volution,  and  testing  this  solution  with  ammonia  and  carbonate  of  ammonia,  which 
Dofrti  throw  down  no  precipitate.  It  may  be  thought,  perhaps,  that  a  matter  so 
imple  need  not  be  mentioned  here ;  still,  I  have  found  that  neglect  in  this  respect 
i  by  no  means  uncommon. 
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platiinim  and  potaMnim.^    Then  tranbfer  it — ^best  with  the  aid  of  the 
tiltnitt5 — to  the  filter,  wash  it  with  spirit  of  '86  to  '87  sp.  gr.  oud 
]»n>c'r»ed  accunliiif^  to  §  97.     If,  on  the  contrary,  white  saline  particlrt 
(oliloride  of  Kodiuni)  an-!  to  be  seen  mixed  with  the  yellow  cnrstaliiiie 
])owder,  bichloiide  of  platinum  has  been  wanting,  tlie  whole  of  the 
chloride  of  sodium  not  having  l>een  completely  converted  into  chlo- 
ridi^  of  Hodium  and  ])latinum.     In  this  case  the  precipitate  in  the  di^h 
must  be  treated  with  some  water,  till  all  the  chloiide  of  sodium  is 
dissolvt'<l,  a  fivsh  portion  of  bichloiide  of  platinum   is  adde<],  the 
whole  evaporattjd  nearly  to  dryness,  and  the  alx>ve  exaniinatiou  re- 
j)eattHl.     The  quantity  of  the  soda  Ls  usually  estimated  by  subtractiDg 
from  tin;  united  weight  of  the  chloiide  of  swlium  and  chloride  of  potas- 
sium the  weight  of  the  latter,  calculated  from  that  of  the  potasaa* 
bichloride  of  ])latinum. 

To  make  quite  sure  that  the  potassa  lias  completely  separated,  it  ii 
advisabU;  to  add  to  the  filti*ate  some  water,  some  more  bichloride  of 
])latinum,  and,  if  the  quantity  of  soda  is  oidy  small,  also  some  chloiide 
of  sodium  ;  evaporate  on  the  water-bath  nearly  to  dryness,  at  a  tern- 
j>eniture  not  excet^diiig  7;')^  (JiisLiroF),  and  treat  the  residue  in  lie 
manner  just  dc'seril>cd.  In  order  to  diminish  the  solvent  action  of  the 
Bjiirit  on  the  chloride  of  potassium  and  platinum,  J  ether  may  be  now 
mixed  with  it.  Should  this  opei-ation  again  leave  a  small  uudissoked 
n^sirlue  of  chloride  of  ]>otas^iium  and  ))latinum,  it  is  filtered  off,  best  on 
a  8«'partite  filter,  detei*nnned  by  itself,  and  the  number  added  to  the 
prinoij)al  amount. 

J  prefer  sul)j(?ctingthe  filtrate  to  this  examination,  to  the  process  rf 
evaporating  it  to  dryness,  igniting  the  residue  ^dth  addition  of  sow 
oxalic  acid,  or  in  a  current  of  hydrogen,  extracting  with  ik'ateriDd 
dotenniniii*;  the  chloride  of  sodium  in  the  solution  obtained ;  siiice, 
after  all,  the  estimation  of  the  soda  hero  is  only  aj/parertili/  dirwt:  if 
the  chloride  of  |)orassiuni  has  not  coniplot<?ly  separated,  the  j»orrioB 
still  remaining  in  the  filtraio  will,  of  course,  be  obtained  now  iuix«i 
with  the  chhiridf  of  su<liuni.  The  hitter  method  can  therefore  onlv 
afford  a  control  t<^  ihtonnine  whether  a  loss  of  substance  hasbws 
sustained  in  the  opL'rati(>n.  Instead  of  the  process  given  for  thcdiwrt 
dtjt (Mini nation  of  si.Mla,  the  filtrate  containing  the  double  chloritfc 
of  j)latininn  and  sodium  may  also  1x5  evajwinted  to  dryness  with 
addition  of  snlphuric  a<'id,  the  residue  ignited,  the  sulphate  of  wxii 
extracted  with  water  and  determined  according  to  §  98,  1  (A,  ]iIl^ 
sciiKULicn).  if 

Should  the  solution  contain  sulphuric  acid,  it  may  be  in  presence  w  1 1^ 
hy<lrochloric  acid  or  of  some  volatile  acid,  convei't  the  alkalies  first  into  1^ 
neutral  sulphal(^s  (§§  ^^9  •*^)>  «'^^^  weigh  them  as  such.  Dissolve  in*  1^ 
little  water,  and  add  an  alcoholic  solution  of  chloride  of  strontina, 
sUf/hfh/  in  excess.  (The  quantity  of  spirit  of  wine  in  the  fluid  mnS 
not  Im;  so  lavLTr  as  to  pretripitate  chloride  of  sodium  or  chloride  ofpo^* 
siuin. )  Allow  to  (U'j>osit,  filter,  and  wash  the  sulphhate  of  stn)n»  ■*» 
(whicli  if  wi'ii^lied  yields  an  exact  control  of  the  analysis — compB*  J^ 
g  l.')!',  :i)  with  Weak  spirit  of  wine,  until  the  wjLshings  no  longer le*" 


*  If  small  tesscral  crrstala  nrc  visible  of  a  dark  orange  yellow  color,  '*J*t  1 
tively  lurjre  siz(j,  and  appcNirinj:^  transparent  hytrananiitt<xl  light,  then  ite^^j 
chloriilo  contaias  chloride  of  platinum  uud  lithium  (Jenzsch). 
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ue  ii]»on  evaporation  on  a  watcb-glass ;  evaporate  the  filtrate 
be  spirit  of  wine  is  completely  driven  off,  dissolve  the  residue  in 
small  quantity  of  water,  add  bichloride  of  platinum,  and  proceed 
cted  above.  The  minute  portion  of  chloride  of  strontium  added 
«s  dissolves,  either  in  that  form,  or  as  strontio-bichloride  of  pla- 
together  with  the  sodio-bichloride  of  platinum,  in  spirit  of 

Bad  of  this  method,  the  following  process  may  be  resorted  to : — 
^e  the  sulphates  of  the  alkalies  in  water,  ana  add  baryta  water, 
3m  alkali,  as  long  as  a  precipitate  forms ;  allow  to  deposit,  fil- 
Lsh  the  precipitate,  and  conduct  carbonic  acid  into  the  filtrate, 
w  down  the  excess  of  baryta;  heat  to  boiling,  filter  the  precipi- 
arbonate  of  baryta,  wash,  add  hydrochloric  acid  to  the  filtrate, 
aporate  to  dryness. 

eated  exj)eriments  have  shown  that  the  process  of  separating 
i  and  soda,  as  described  above,  gives  always  a  little  less  potaasa 
really  present.  If  the  process  is  properly  conducted,  the  loss 
issa  amounts  to  no  more  than  I  per  cent.  I  have  found  that  it 
.lly  greater  in  cases  where  the  concentrated  solution  of  the  me- 
hloiides  is  mixed  with  bichloride  of  platinum,  and  then  with 
)T  large  quantity  of  alcohoL  [See  also  Finkener,  Pogg.  Ann. 
p.  637.] 

\fethod8  hosed  upon  the  Volatility  of  Ammonia  and  its  Salts^ 

[ONIA   FROM   SODA   AND   P0TA8SA. 

?he  salts  of  the  alkalies  to  he  separated  contain  the  same  volar    3 
(/,  and  admit  of  the  total  expulsion  of  their  water  hy  drying  at 
mtJumt  losing  ammonia  (e,  g,^  the  metallic  chlorides). 

gh  the  total  mass  of  the  salts  in  a  platinum  crucible,  and 
dth  the  lid  on,  gently  at  first,  but  ultimately  for  some  time 
t  redness ;  let  the  mass  cool,  and  weigh.  The  decrease  of 
gives  the  quantity  of  the  ammonia  salt.  If  the  acid  present 
buric  acid,  you  must,  in  the  first  place,  take  care  to  heat  very 
lly,  as  otherwise  you  will  sufier  loss  from  the  decrepitation 
sulphate  of  ammonia ;  and,  in  the  second  place,  bear  in  mind 
urt  of  the  sulphuric  acid  of  the  sulphate  of  ammonia  remains 
he  sulphates  of  the  fixed  alkalies,  and  that  you  must  accord- 
onvert  them  into  neutral  salts,  by  ignition  in  an  atmosphere 
onate  of  ammonia,  before  proceeding  to  determine  their  weight 
kre  §§  97  and  98).  Chloride  of  ammonium  cannot  be  separated 
I  manner  from  sulphates  of  the  fixed  alkalies,  as  it  converts 
upon  ignition,  partly  or  totally  into  chlorides. 

bfiM  one  or  other  of  the  conditions  given  in  a  is  not  fulfilled. 

\  Sm  impracticable  to  alter  the  circumstances  by  simple  means  4 
bo  make  the  method  a  applicable,  the  fixed  sJkalies  and  the 
ia  must  be  estimated  separately  in  different  portions  of  the 
loe.  The  portion  in  which  it  is  intended  to  determine  the 
ad  potassa  is  gently  ignited  until  the  ammonia  is  completely 
d.  The  fixed  alkalies  are  converted,  according  to  circum- 
,  into  chlorides  or  sulphates,  and  treated  as  directed  in  1  or  5* 
nmouia  is  estimated,  in  another  portion,  according  to  §  99,  3. 
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3.  Imllrect  Method. 

l*OTA8SA   FROM   SODA« 

Convert  l>oth  alkalies  into  chlorides  (§  97,  2),  and  weigh;  estimatie  { 
the  cliloi'iue  (§  141);  and  calculate  the  quantities  of  the  soda  and 
|)Otassa  from  these  data  (see  "  Calculation  of  Analyses,"  §  197). 

The  indirect  method  of  detennining  potassa  and  soda  is  appli- 
cable [whenever  the  mixed  chlorides  can  be  obtained  in  a  state  of 
purity.  It  is  very  accurate  and  expeditious*],  particularly  if  tie 
chlorine  is  determined  volumotrically  (§  141,  I.,  6). 

Supplement  to  the  First  Ghroup. 
Separation  of  Lituia  from  the  other  Alkalies. 

Lithia  may  be  separated  from  potassa  and  soda  in  the  indirect  | 
way,  or  by  either  of  the  following  two  methods : — 

a,  TreAt  the  nitratt^s  or  the  chlorides,  dried  at  120°,  with  a  mil- 
ture  of  equal  volumes  of  absolute  alcohol  and  anhydrous  ether,  digest 
at  least  for  twenty-four  hours,  with  occasional  shaking  (the  salts  wo^ 
be  completely  disintegrated),  decant  on  to  a  filter,  and  treat  the  residw 
apiin  severiU  times  Avith  smaller  portions  of  the  mixture  of  alcohol  Md 
ether.    Determine,  on  the  one  part,  the  undissolved  potassa  andsodi 
siilts  ;  on  the  other,  the  dissolved  lithia  salt,  by  distilling  the  fluid  4 
and  converting  the  residue  into  sulphate.  This  method  is  apt  to  give  to» 
much  lithium,  iis  the  pot>as.saand  soda  salts,  especially  the  chlorides,irt 
not  absolutely  insoluble  in  a  mixture  of  alcohol  and  ether.  The  results 
maybe  rendHml  more  accurate  by  treating  the  impure  lithia  salt,  ob- 
tained l)v  disiillin;^  ofl*  the  ether  and  alcohol,  once  more  ^ith  alcoW 
and  (;tlier,  witli  addition  of  a  drop  of  nitric  or  hydrochloric  add,  MO- 
ini^  the  resichie  h'ft  to  tlie  principal  i-esidue,  and  then  converting tbf 
lithia  salt  into  suli)hate.     If  the  salts,  which  it  is  iiitended  to trttf 
with  alcohol  and  ether,  have  been  ignited,  however  so  gently, caustic 
lit  Ilia  is  formed — in  the  case  of  the  chloride  by  the  actionof  water— •» 
carbonate  of  lithia  by  attraction  of  carbonic  acid  ;  in  that  case, it » 
n(?c(^ssary,  therefore,  to  add  a  few  drops  of  nitric,  or,  as  the  casenaf 
be,  liydrochloric  acid,  in  the  i)rocess  of  digestion.     The  sejiarationw 
the  chloride's  of  the  alkali  metals  by  a  mLxture  of  ether  and  spin* 
was  originally  recommended  by  RAMMELSBERG.f 

If  we  have  to  separate  the  sulphates,  they  must  be  converted  urt* 
nitrates  or  chlorides  before  they  can  be  subjected  to  the  above  metW 
This  conversion  may  be  effected  by  one  of  the  processes  given  in  * 
Instead  of  the  alcoholic  solution  of  chloride  of  strontium  yoo  B*y 
use  an  a<jueous  solution  of  nitrate  of  strontia  with  addition  of  alooW 

h.  Weigh  the  mixed  alkalies,  best  in  form  of  sulphates,  and  thendetej  1 1 
mine  the  lithia  as  phosphate  according  to  §  100.  If  the  quantity* 
lithia  is  relatively  very  small,  convei-t  the  weighed  sulphates  into cw^ 
rides  (6),  separatt.',  in  the  first  place,  the  principal  amount  of  the p 
tassa  and  soda  by  means  of  alcohol  (§  100),  and  then  determine** 
lithia  (^Iayer  J). 
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he  separation  of  lithia  from  ammonia  may  be  efTected  like  that    8 
>otas8a  and  soda  from  ammonia  (3  and  4)* 


SECOND   GROUP. 

BARYTA — STRONTIA — LIME — MAGNESIA. 

}KPi!RATION    OF    THE     OxiDES    OF     THE      SECOND    GrOUP     FBOM 

THOSE   OF  THE    FiRST. 

§  153. 

Index : — The  Noe.  refer  to  those  in  the  margin. 
Baryta  from  potassa  and  soda,  9, 11. 

*'        **     ammonia,  10. 
Strontia  from  potassa  and  soda,  9,  12. 

"  **  ammonia,  10. 

Idme  from  potassa  and  soda,  9,  13. 

"        **    ammonia,  10. 
Magnesia  from  potassa  and  soda,  14 — 19. 
**  **    ammonia,  10. 

A.   General  Method. 
The  whole  of  the  Alkaline  Earths  from  Potassa  and 

^nciple :   Carbonate  of  ammonia  precipitates^  from  a  solution    9 
Ttining  chloride  of  ammonium,  only  baryta,  strontia,  and  lim^. 

ix  the  solution,  which  contains  the  bases  as  chlorides,  with  a  suffi- 
•  quantity  of  chloride  of  ammonium  to  prevent  the  precipitation  of 
aagnesiaby  ammonia ;  dilute  considerably,  add  some  ammonia,  then 
::>nate  of  ammonia  in  slight  excess,  let  the  mixture  stand  covered  for 
ars  in  a  warm  place,  filter,  and  wash  the  precipitate  with  water  to 
li  a  few  drops  of  ammonia  have  been  added. 
he  precipitate  contains  the  baryta,  strontia,  and  lime/  the  JUtrate 
nagnesia  and  the  alkalies.  So  at  least  we  may  assume  in  cases 
•«  the  highest  degi*ee  of  accuracy  is  not  required.  Strictly  speaking, 
iver,  the  solution  still  contains  exceedingly  minute  traces  of  lime 
iomewhat  more  considerable  traces  of  baryta,  as  the  carbonates  of 
)  two  earths  are  not  absolutely  insoluble  in  a  fluid  containing  chlo- 
of  ammonium ;  the  precipitate  also  may  contain  possibly  a  little 
onate  of  ammonia  and  magnesia.  Treat  the  precipitate  according  to 
4,  and  the  filtrate — in  rigorous  analyses — as  follows :  add  3  or  4 
B  (but  not  much  more)  of  dilute  sulphuric  acid,  then  oxalate  of  am- 
ia,  and  let  the  fluid  stand  again  for  12  hours  in  a  warm  place.  If  a 
ipitate  forms,  collect  this  on  a  small  filter,  wash,  and  treat  on  the 
•with  some  dilute  hydrochloric  acid,  which  dissolves  the  oxalate  of 
,  and  leaves  the  sulphate  of  baryta  undissolved.  Since  a  little  oxa- 
>f  magnesia  may  have  separated  with  the  former,  add  some  ammo- 
o  the  hydrochloric  solution,  filter  after  the  precipitate  has  settled, 
mix  the  filtrate  with  the  principal  filtrate. 

-aporatc  the  fluid  containing  the  magnesia  and  the  alkalies  to  dry* 
and  remove  the  ammonia  salts  by  gentle  ignition  in  a  covered 
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crucible,  or  in  a  bdimII  co voiced  disli  of  platinum  (Hrporcelaiii.*  In  the 
residue,  separate  the  niagneaia  from  tlie  alkalies  by  one  of  the  meUiodi 
given  (14-19). 

2.  The  whole  of  the  Alkaline  Eabths  from  Axmokia. — ^Ihe  aunelO 
principle  and  the  same  process  as  in  the  separation  of  potassa  and  sodi 
from  anmionia  (3  ftud  4)- 

B.  Special  MeUwdB. 

Single  Alkaline  Earths  from  Potassa  and  Soda. 

1.  Baryta  from  Potassa  and  Soda. 

Precipitate  the  baiyta  with  dilute  sulphuric  acid  (§  101,  l,a),eTip-ll 
orate  the  filtrate  to  dryness,  and  ignite  the  residue,  with  addition  to> 
wards  the  end  of  carbonate  of  ammonia  (§  97,  1  and  §  98,  1).    Tike 
care  to  add  a  sufficient  quantity  of  sulphuric  acid  to  convert  tlie  al- 
kalies also  completely  into  sulphates. 

This  method  is,  on  account  of  its  greater  accuracy,  preferable  to 
the  one  in  ^yin  cases  where  the  baryta  has  to  be  separated  only  from 
one  of  the  two  fixed  alkalies ;  but  if  both  alkalies  are  present^  the 
other  method  is  more  convenient,  since  the  alkalies  are  then  obtained 
as  chlorides. 

2.  Strontia  from  Potassa  and  Soda. 

Strontia  may  be  separated  from  the  alkalies,  like  baryta,  by  maanslS 
of  sul]>huric  acid ;  but  this  method  is  not  preferable  to  the  one  in  9)^1 
cases  where  the  choice  is  permitted  (comp.  §  102). 

3.  Lime  from  Potassa  and  Soda. 

Precipitate  the  lime  with  oxalate  of  ammonia  (§  103,  2,  5,  a),evapo-18 
rate  the  filtrate  to  dryness,  and  determine  the  alkalies  in  the  ignited 
residue.  In  determining  the  alkalies,  dissolve  the  residue,  fireed  by 
ignition  from  tlie  ammonia  salt«,  in  water,  filter  the  solution  firom  the 
undissolved  portion,  acidify  the  filtrate,  according  to  circumBtanoca, 
with  hydrochloric  acid  or  sulphuric  acid,  and  then  evaporate  to  dry- 
ness ;  this  treatment  of  the  residue  is  necessary,  because  oxalate  of 
ammonia  partially  decomposes  chlorides  of  the  alkali  metals  npoa 
iiniition,  and  converts  the  bases  into  carbonates,  except  in  presence 
of  a  large  proportion  of  chloride  of  ammonium.  The  results  are  sti" 
more  accurate  than  in  9.  except  where  oxalate  of  ammonia  has  been 
used,  after  the  i>recij>itation  by  carbonate  of  ammonia,  to  remove  th6 
minute  traces  of  lime  from  the  filtrate. 

4.  Magnesia  from  Potassa  and  Soda.! 

a.  JifetJiods  based  upon  the  sparine/  solubility  of  Magnesia  in  TTol** 
a.  Make  a  solution  of  the  bases,  as  neuti*al  as  possible,  and  free  from  14 


*  This  operation  effects  also  the  removal  of  the  small  quantity  of  salphTOta 
acid  nddoil  to  precipitate  the  traces  of  baryta,  as  sulphates  of  the  alkalies  Ul 
convert (m1  int(^  chlorides  of  the  alkali  metals  upon  ignition  in  presence  of  aliigl 
prt>port'ion  <^f  chloride  of  ammonium. 

f  The  methodji  a  and  ti  are  suitable  for  the  separation  of  magnesia  from  litilui 
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Lonia  salts  (it  is  a  matter  of  indifference  whether  the  acid  is  sul- 
ic,  hydrochloric,  or  nitric),  add  baryta-water  as  long  as  a  pre- 
ate  forms,  heat  to  boiling,  filter  and  wash  the  precipitate  with 
ng  water.  The  precipitate  contains  the  magnesia  as  hydrate ;  it 
fisolved  in  liydrochloiic  acid,  the  baryta  thrown  down  with  sul- 
ric  acid,  ancVthe  m^pesia  as  phosphate  of  magnesia  and  ammo- 
(§  104,  2).  The  alkalies,  which  are  contained  in  the  solution, 
Elding  to  circumstances,  as  chlorides,  niti*ates,  or  caustic  alkalies, 
separated  from  the  baryta  as  directed  in  9  or  11.  The  method 
s  good  resultA,  but  is  i-ather  tedious. 

.  Precipitate  the  solution  with  a  little  pure  milk  of  lime,  boil,  15 
r,  and  wash.  Separate  the  lime  and  the  magnesia  in  the  precipi- 
according  to  25  <>^  29  y  the  lime  and  the  alkalies  in  the  filtrate, 
irected  in  9  or  18.  I  am  very  fond  of  employing  this  method 
Lses  where  tho  magnesia  has  to  be  removed  from  a  fluid  contain- 
lime  and  alkalies,  provided  the  alkalies  alone  are  to  be  deter- 
>d. 

Add  to  the  chlorides  pure  oxalic  acid  in  sufficient  quantity  to  16 
drt  all  the  bases  present,  viewed  as  potassa,  into  quadroxalates ; 
ome  water,  evaporate  to  dryness  in  a  platinum  dish,  and  ignite. 
lis  operation  the  chlorides  of  the  alkali  metals  are  partially,  the 
i<le  of  magnesium  com|)letely,  converted  into  oxalates,  which, 
ignition,  give  carbonated  alksdies  and  magnesia.  Treat  the  resi- 
'epeatedly  with  smaU  quantities  of  boiling  water ;  during  this 
"tig  the  precipitate  may  be  transferred  to  the  filter  or  remain  in  the 
cio  matter  which.  When  all  the  alkali  salt  is  washed  out,  dry  the 

l>urn  it  in  the  dish,  ignite  strongly,  and  weigh  the  magnesia.  If 
>lution  looks  a  littie  turbid,  evaporate  to  dryness,  treat  the  resi- 
^th  water,  and  filter  off  the  trifling  amount  of  magnesia  still  re- 
^Hg ;  add,  finally,  hydrochloric  acid  to  the  filtrate,  and  determine 
Ucalies  as  chlorides. 

^e  bases  are  present  in  form  of  sulphates,  add  to  the  boib'ng  17 
lon  chloride  of  barium,  until  the  formation  of  a  precipitate  just 
^  evaporate  the  filtrate  with  an  excess  of  oxalic  acid,  and  proceed 

16*     Separate  the  carbonate  of  baryta,  which  remains  mixed 

magnesia,  from  the  latter,  as  directed  22* 

o  owe  these  methods  to  Mitscherlich,  and  the  description  of  18 
^  to  Lasch.*     I  can  add  my  own  testimony  to  the  accuracy  of 
tesults.     Still  the  weighed  alkali  salt  should  always  be  tested 
^  phosphate  of  soda  and  ammonia  for  magnesia.    Usually  a  weigh- 

precipitate  is  produced  which  cannot  be  passed  over, 
b  method  described  in  18  may  also  be  successfully  employed 
I  nitrates,  for  which  it  is,  indeed,  specially  recommended  by 
^LLE.f     Carbonic  acid  and  nitrous  acid  are  evolved  in  the  prooesB 
vaporation. 

i.  l\'ecwUaHon  of  Magnesia  as   CarhontUe  of  Ammonia^ 
Jtlugnesia, 

ax  the  solution  of  sulphates,  nitrates,  or  chlorides  (it  must  be  very  19 
entrated)  with  an  excess  of  a  concentrated  solution  of  sesquicarbo- 

^  J0im.  1  prakt  Ohem.  (»,  848.  f  It>^  <>0*17. 
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iiate  of  ammonia  in  water  and  ammonia  (230  grm.  of  the  mli,  180 
c  0.  solution  of  ammonia  sp.  gr.  0'92y  and  water  to  1  litre).  Ate 
twoLty-fonrhouni  filter  off  the  precipitate  (MgO,CO,4-N^O,(X)y+ 
4  aq.),  wash  it  with  the  solution  of  caustic  and  carbonated  samoeii 
used  for  the  precipitation,  dry,  ignite  strongly  and  for  a  soffideit  1^ 
length  of  time,  and  weigh  the  magnesia,  Evi^Mrate  Hm  fihistoto  Ij, 
dryness,  keeping  the  heat  at  first  under  100^,  eiqpel  the  smmoik  Ig 
salts,  and  determine  the  alkalies  as  chlorides  or  milphatea.  When  nk  lu 
alone  is  present  the  results  ai^  satiafiictory.  In  the  presence  of  potiM  |v 
the  ignited  magnesia  must  be  extracted  with  wator,  before  wd|^ 
ing,  as  it  contains  an  appreciable  quantity  of  carbonate  of  potMn; 
the  washings  are  to  be  added  to  the  principal  filtrate.  This  Isstmsi' 
sure  is  unnecessary  in  the  absence  of  potassa.  Besulta  satislseloKJ} 
the  magnesia  is  a  little  too  low.    Mean  error  y^^  (F.  G.  ScBAl*' 

aOTBGH,*  H.  WBUBf). 

n.  SbPA&ATION  OF  THE  OZIDBS  OF  THB  SlOOSD  GbOUF  19^ 

EACH  OT&BR. 

■ 

§  16*. 

IndM  ;— The  Xos.  refer  to  those  in  the  msigiB. 

Baryta  from  stnmtia,  81,  84,  88. 

'<  lime,  21, 88,  8£  88. 

"  yw^g"***^^!  80.  1&, 

BtrmUia  from  bazyta,  81,  84,  881 

"  lime,  28,  81. 

«  magnesiA,  20,  88, 

JJme  from  baryta,  21,  23,  24,  Wl. 
"         Btrontia,  28,  81. 
'*         magnesia,  20,  25,  26,  27,  29,  80. 
Magnesia  from  baryta,  20.  22. 

'*  strontia,  20,  22. 

''  lime,  20,  25, 26,  27,  29,  8a 

A.  Chneral  Method, 

THE  WHOLE  OF  THE  ALKALINE  EABTH8  FROM  EACH  OTHXB-*-''^ 

Proceed  as  in  9*     The  magnesia  is  precipitated  from  the  ^^n^^"""^^ 
with  phosphate  of  soda.     The  precipitated  carbonates  of  the  bary    "^^ 
strontia,  and  lime,  are  dissolved  in  hydrochloric  acid,  and  the  ba^^'^r 
separtaed  as  directed  in  21*     The  traces  of  magnesia,  which  may 
present  in  tlie  carbonate  of  ammonia  precipitate,  are  obtained  by  e^s^^^ 
porating  the  filtrate  from  the  sulphate  of  strontia  or  lime  to  dryne^^ 
taking  up  the  residue  with  water  and  precipitating  the  solution  wi4^ 
phosphate  of  soda  and  ammonia* 

B.  Special  Methods. 

1.  Methods  based  upon  the  InsolvhUUy  of   SUioq/luoride  of 
Sa/riiMn. 

Baryta  from  Strontia  and  from  Lime. 

Mix  the  neutral  or  slightly  acid  solution  with  hydrofluosilicicacid^tl 
■  ■  ■  ■  ■ 

•  Pogg.  Annal.  104,  482.  f  Vierteljahrsschrift  t  prakt  Pharm.  8, 161. 

X  If  not  kept  la  a  gutta-peroha  bottle  it  should  be  frailly  prei»azed. 
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cess,   add   a  Tolume    of  spirit   of  wine  equal  or  somewiiat 
r  to  that  of  the  fluid  (H.  Rose),  let  the  mixture  stand  twelve 
collect   the    precipitate   of  sUicoJluoride  of   barnun  on    a 
d  filter,  wash  with  a  mixture  of  equal  ps^ts  of  water  and 
>f  wine,  until  the  washings  cease  to  show  even  the  least  ti*ace 
I  reaction  (but  no  longer),  and  diy  at  100°.     Precipitate  the 
a  or  lime  from  the  filtrate  by  dilute  sulphuric  acid  (§  102,  1, 
§   103,  1,  a).     The   results   are  satisfactory.     For  the  pro- 
of silicofluoride  of  barium,  see  §  71.     If  both  strontia  and 
xe   present,  the   sulphates  are  weighed,  converted   into  car- 
s  (§  132,  II.,  6),  and  the  two  bases  then  separated  as  directed 


Methods  hosed  upon  tJie  InsoluhUity  of  StUphcUe  of  Baryta^ 
or  Sulpliate  of  Strontia^  as  the  case  may  6e,  in  water  and 
in  Solution  of  Hyposulphite  of  Soda, 

tARYTA  AND  StRONTIA  FROM  MaGNESIA. 

ipitate  the  baryta  and  strontia  with  sulphuric  acid  (§  101,  1,22 
§  102,  1,  a),  and  the  magnesia  from  the  filtrate  with  phosphate 
I  and  ammonia  (§  104,  2). 

ARYTA  FROM  LiME. 

the  solution  with  hydrochloric  acid,  then  with  highly  dilute  28 
ric  acid  (1  part  acid  to  300  water),  as  long  as  a  precipitate 
allow  to  deposit,  and  determine  the  sulphate  of  baryta  as 
d  in  §  101,  1,  a.  Concentrate  the  washings  by  evaporation, 
d  them  to  the  filtrate,  neutralize  the  acid  with  ammonia,  and 
tate  the  lime  as  oxalate  (§  103,  2,  5,  a).  The  method  is  prin- 
to  be  recoromended  when  small  quantities  of  baryta  have  to 
arated  from  much  lime.  If  we  have  to  separate  sulphate  of 
X)m  sulphate  of  baryta  the  salts  may  (in  the  absence  of  fi*ee 
be  treated  repeatedly  with  a  solution  of  hyposulphite  of  soda 
entle  heat.  The  sulphate  of  baryta  remains  undissolved,  the 
e  of  lime  dissolves.  The  lime  is  precipitated  from  the  filtrate 
ate  of  ammonia  (Diehl*). 

Jtfethod  based  upon  the  different  deportment  with  Carbonated 
Alkalies  of  Suljyhate  of  Baryta  on  the  one  handy  and 
Sulphates  of  Strontia  and  Lime  on  the  other. 

rTA  FROM  Strontia  and  lime. 

st  the  precipitated  sulphates  of  the  three  bases  for  twelve  24 
it  the  common  temperature  (15 — 20°),  with  frequent  stirring, 
solution  of  carbonate  of  ammonia,  decant  the  fluid  on  to  a 
reat  the  residue  repeatedly  in  the  same  way,  wash  finally  with 
uid  in  the  still  moist  precipitate,  separate  the  undecomposed 
e  of  baryta  by  means  of  cold  dilute  hydrochloric  acid  from 
bonates  of  strontia  and  lime  formed.  To  hasten  the  separa 
)u  may  boil  the  sulphates  for  some  time  with  a  solution  of 
kte  of  potassa  (not  soda),  to  which  ^  the  amount  o'  the  car- 

*  Joom.  f.  prukt  Chem.  79,  80. 
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bonate,  or  more,  of  sulphate  of  potassa  has  been  added.  By  this 
procosH  also  the  sulphates  of  strontia  and  lime  are  decomposed,  the 
Kulphate  of  baryta  remaining  unacted  on.  If  the  bases  are  in  solu- 
tion, the  above  solution  of  carbonate  and  sulphate  of  potassa  ii 
fiiMt'd  in  fxcess  at  once,  and  the  whole  boiled.  The  precipitate,  con- 
sisting  of  sulphate  of  baryta  and  carbonates  of  strontia  and  lime,  ii 
to  bo  treated  as  above  with  cold  hydrochloric  acid  (H.  Rose  *). 

4.  Method  ha^ed  on  tlve  TnsolubUUy  of  SuljihcUe  of  lArm  m 

Alcohol. 

[LiMK  FROM  Magnesia. 

a.  Evaporate  the  hydrochlonc  solution  nearly  to  dryness,  treat S| 
the?  resicluo  with  strong  alcohol  until  it  is  dissolved.  Add  to  the 
solution  a  Hlight  excess  of  concenti*atcd  sul}>huric  acid  and  let  stand 
srvcial  hours.  The  precipitate,  containing  all  the  lime  and  some  of 
the  niaixni'sia  as  sulphates,  is  ti-ansferred  to  a  filter  with  the  aid  of 
stroiifr^  n«*arly  absolute,  alcohol  and  washed  with  the  same  until  the 
wasliinf^  cease  to  react  acid  to  test  paper.  After  all  fi^ee  acid  is  thus 
rcMuoved,  continue  the  washing  'with  alcohol  of  35 — 40  per  centu 
lon^  as  any  solid  matters  are  extracted.  Tlie  lime  all  remains  on  the 
lilter  and  is  weighed  as  sulphate,  the  magnesia  is  all  found  in  the 
tilt  rate  and  washings,  from  which,  after  evaporating  off  the  alcohol, 
it   is  thrown  down  as  ammonio-phosphate.     Excellent  method  (A 

CinZYNSKlf).] 

^>.  Small  quantities  of  Lime  from  much  Magnesia.  Convert  J| 
the  biises  into  neutral  sulphates,  dissolve  the  mass  in  water,  and  add 
alcohol  with  constant  stin'ing,  till  a  slight  permanent  turbidity  is 
produced.  Wait  a  few  houre  and  then  filter,  wash  the  precipitated 
s\ilphate  of  lime  with  alcohol,  which  has  been  diluted  with  an  equal 
volume  of  watcir,  and  d(*termine  it  after  §  103,  1,  a  (in  which  caae 
th(;  wi'iglu^d  sulphate  must  be  tested  for  magnesia),  or  dissolve  the 
])recipitHte  in  water  ccmtaining  hydrochloric  acid  and  separate  the 
lime  from  tlu^  small  quantity  of  magnesia  possibly  coprecipitated 
according  to  29  (ScilEEKERt). 

[r.  In  presence  of  phosphoric  acid,  evaporate  the  hydrochloric J7 
aritl  solution  to  di*yncss,  add  strong  alcohol  to  the  residue,  then  mode- 
rately strong  sulphuric  acid,  and  treat  as  in  a.  Tlie  lime  is  separated 
as  pure  sulphate.  The  filtrate,  after  evaporating  of  the  alcohol,  ii 
divided  into  two  portions.  In  one  magnesia  is  precipitated  by  addi- 
tion of  chloride  of  ammonium,  ammonia,  and  phosphate  of  sodi 
(sj  104,  2) ;  from  the  other  throw  down  phosphoric  acid  by  means  of 
magnesia  solution  (§  134,  5,  a).] 

5.  Method  hniie.d  on  the  Insolubility  of  Sulphate  of  StnmiuiiM 

/Solution  of  /^id2>hate  of  Ammonia, 

Strontia  from  Lime.  If  the  mixture  is  soluble,  dissolve  in  wk 
smallest  quantity  of  water,  add  about  50  times  the  quantity  of  thi 
substance  of  sulphate  of  ammonia  dissolved  in  four  times  ita  weig^ 
of  water,  and  either  boil  for  some  time  with  renewal  of  the  watertW 
»'va])orates  and  addition  of  a  very  little  ammonia  (as  the  solution  of 
Bulphat<i  of  ammonia  bcjcome^s  acid  on  boiling),  or  allow  to  stand  it 

*  Pogrgr  Annul,  xcv.  280,  200,  427.  +  Frea  Zeitschrift,  iv.  348. 
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^  ^  the  ordinaiy  temperature  for  twelve  hours.  Filter  and  wash  the  pre- 
"^"f  cipitate,  wMch  consists  of  sulphate  of  strontia  and  a  little  sulphate  of 
^^'  strontia  and  ammonia  with  a  concentrated  solution  of  sulphate  of  am- 
^  ^  monia  till  the  washings  remain  clear  on  addition  of  oxalate  of  am- 
^  *^.  monia.  The  precipitate  is  cautiously  ignited,  moistened  with  a  little 
^1  dilute  sulphuric  acid  (to  convert  the  small  quantity  of  sulphide  of 
strontium  into  sulphate),  and  weighed.  The  highly  dilute  filtrate  is 
precipitated  with  oxalate  of  ammonia,  and  the  lime  detei-mined  ac- 
cording to  §  103, 2,  6,  a.  If  you  have  the  solid  sulphates  to  analyze, 
^ey  are  very  finely  powdered  and  boiled  with  concentrated  solution 
ofsnlphate  of  ammonia  with  renewal  of  the  evaporated  water  and  addi- 
tion, of  a  little  ammonia.  Eesults  very  close,  c./y.,  1*048  SrO,  NO5 
/MTtead  of  1-053,  and  0-497  CaO,  CO^  instead  of*  0-504  (H.Rose*). 

6.  Meihod8  hosed  upon  the  InsoluhUity  of  Oxalate  of  Lime  in 
Chloride  of  Ammomufn  and  in  Acetic  Acid, 

XLiXiiE  FBOIf  Magnesia* 

c».    Mix  the  properly  diluted  solution  with  suiBcient  chloride  of  am-  29 

p^onium  to  prevent  the  formation  of  a  precipitate  by  ammonia,  which 

^  3<ided  in  slight  excess ;  and  oxalate  of  ammonia  as  long  as  a  preci- 

forms,  then  a  further  portion  of  the  same  reagent,  about  suffi- 

to  convert  the  magnesia  also  into  oxalate  (which  remains  in  solu- 

,  This  excess  is  absolutely  indispensable  to  insure  complete  precip- 

m  of  the  lime,  as  oxalate  of  lime  is  slightly  soluble  in  solution  of 

<^l^loxide  of  magnesium  not  mixed  with  oxalate  of  ammonia  (Expt. 

N'o.    92).  -   Let  the  mixture  stand  twelve  hours  in  a  moderately  warm 

plA^^e,  decant  the  supernatant  clear  fiuid,  as  far  as  practicable,  from 

tYxG  precipitated  oxalate  of  lime,  mixed  with  a  little  oxalate  of  mag- 

n^su^,  on  to  a  filter,  wash  the  precipitate  once  in  the  same  way  by  de- 

CMa.i;«tion,  then  dissolve  in  hydrochloric  acid,  add  water,  then  ammo- 

'^~  ~    xn  slight  excQ^s,  and  a  little  oxalate  of  ammonia.     Let  the  fiuid 

until  the  precipitate  has  completely  subsided,  then  pour  on  to 

previous  filter,  transfer  the  precipitate  finally  to  the  latter,  and 

exactly  as  directed  8  103,  2,  6,  a.     The  first  filtrate  contains 

tiix&  larger  portion  of  the  magnesia,  the  second  the  remainder.     Evap- 

oi-^tie  t£e  second  filtrate,  acidified  with  hydrochloric  acid,  to  a  small 

volxijne,  then  mix  the  two  fiuids,  and  precipitate  the  magnesia  with 

l>lic>sphate  of  soda  as  directed  §  104,  2.     Tf  the  quantity  of  ammonia 

^^^'t**  present  is  considerable,  the  estimation  of  the  magnesia  is  ren- 

«er<©ci  more  aocurate  by  evaporating  the  fluids,  in  a  large  platinum  or 

^^  ^^^^  dish,f  to  dryness,  and  igniting  the  residuary  saline  mass,  in 

portions  at  a  time,  in  a  smaller  platinum  dish,  until  the  ammo- 

^?^*^tB  are  expelled.     The  residue  is  then  treated  with  hydrochloric 

3^  ^Tkd  water,  heat  applied,  the  fluid  filtered  J  and  finally  precipitated 

^^  ^rnmonia  and  phosphate  of  soda. 


IS  so 


^^Xierous  experiments  have  convinced  me  that  this  method,  which 

jj^^      ^equently  employed,  gives  accurate  results  only  if  tlie  foregoing 

''Motions  are  strictly  complied  with.      It  is  only  in  cases  where  the 


f  J^^^^g'  Annal.  110,  296. 

t  ^^  X^orcelain  dish  does  not  answer  so  well  (see  Expt  No.  3). 


*^^o»-«^»^^®  proceas  of  evaporation  has  been  conducted  in  a  silver  vessel,  a  litUt 
^  of  sUver  will  often  separate. 


sue  npiuTMft  -  IfU 

qniindtj  of  magnwria  pwwoant  k  velatmlrnMlIy  lliat  mmD^fnofk^ 
tation  with  ozalite  of  ammonk  majbo  nmnd  anliinient  (conqi.  Eifi 
No.  93), 

5.  In  Uie  oaae  of  lime  and  magiuwia  eomhinpd  with  yihoaplidml 
acid,  dinolve  in  the  least  poaaiUe  qnantil^  of  hTdrochlonc  aad,aM 
ammonim  until  a  oopioua  predptate  fonna;  rednaolve  this  bj  adfr 
tion  of  aoetio  acid,  and  predpitafte  the  lime  from  the  aohitkni  wA 
an  exoeaa  of  oxalate  of  ammonia.    To  determine  the  r^gmrit, » 
dpitate  the  filtrate  with  ammonia  and  phoaphate  of  aoda.    Am  tm 
aoetio  acid  by  no  means  preyents  the  predpitaiioa  of  amall  qoautitMi 
of  oxalate  of  magnesia,  the  predpitafte  oontaina  some  r^gmrit,  aa^ 
as  oxalate  of  lime  is  not  quite  inaofaible  in  aoetie  add,  the  filMi 
contains  some  lime;  these  two  soaroea  of  error  oompenaate  eaAoftg 
in  some  measure.    In  accurate  analjaea^  howerer,  tbeae  trifling  adnifr 
tnres  of  magnesia  and  lime  areafterwaidaaepantedfiram  thewe^[M 
predpitates  of  carbonate  of  lime  and  pyrophosphate  oCmagnfloa  » 
spectively. 

7.  Indireel  JUMocL 

Stbohtia  from  Ldib. 

Determine  both  bases  first  as  earbonateSi  preebpitatiiig  them  etlkrl 
with  carbonate  or  with  oxalate  of  ammonia  (§8 102,  lOS) ;  timeifr 
mate  the  amount  of  carbonic  add  in  them,  and  oalralatetheamoaaft 
of  strontia  and  of  lime  as  directed  in  §  197.    IHm  detennination  rf 
the  carbonic  add  may  be  effected  by  fudon  with  nitrified  bonx 
(§  139,  II.,  c),  but  the  application  of  a  moderate  white  heat^  soditf 
IB  given  by  a  good  gas  blast-lamp  without  the  uae  of  a  orodUe  jaefa^ 
is  alone  suffident  to  drive  out  fJl  the  carbcmio  add  from  bott  ib 
carbonates  (F.  G.  Schaffgotsch  *).    I  can  strongly  recommend  As 
method.     It  is  well  to  precipitate  the  carbonates  hot,  to  press  the  pi^ 
cipitjite  cautiously  down  in  the  platinum  crudble  and  turn  over  iia 
agglomerated  cake  every  now  and  then  till,  after  repeated  ignitkia^ 
the  weight  has  become  constant.     The  results  are  good,  if  neither  of 
the  bases  is  present  in  too  minute  quantity. 

The  iudii-ect  separation  may  of  course  be  effected  by  meemrfl, 
otlier  salts,  and  can  be  used  also  for  the  determination  of  UKB  V 

PRESENCE  OF  BARYTA  Or  of  BARYTA  IN  PRESENCE  OF  8TRONTIA.  Ia^ 

expulsion  of  carbonic  acid  from  carbonate  of  bazyta  vitrified  bdOf    | 
must  be  used  (§  139,  U.,  c). 

THIRD    OEOUP* 

Alumina — Sesquioxidb  of  GBBomnnL 

I.  Separation  of  the  Oxides  of  the  Thibd  Gaoor  noK 

THE  Alkalies. 

§  155. 

1.  From  Ammonia. 

a.    Salts  of  alumina  and  of  sesquiozide  of  chromium  1017  ^ 
separated  from  salts  of  ammonia  by  ignitioiL      Howerer,  m  A> 

*  PogK.  AmiaL  118,  616. 
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le  of  alumina,  this  method  is  applicable  only  in  the  absence  of 
loiine  (volatilization  of  chloride  of  aluminium).  The  safest  way, 
jirefore,  is  to  mix  the  compound  with  carbonate  of  soda  before 
kiting. 

&.  Determine  the  ammonia  by  one  of  the  methods  given  in  8  99,  3,84 
Lng  solution  of  potassa  or  soda  to  effect  the  expulsion  of  the  am- 
>iiia.     The  alumina  and  sesquioxide  of  chromium  are  then  deter- 
ned  in  the  residue  in  the  same  way  as  in  36* 

2.  From  Potassa  and  Soda. 

a.  Precipitate  and  determine  the  sesquioxide  of  chromium  and  86 
unina  as  directed  in  §  105,  a,  and  §  lOG,  a.     The  filtrate  contains 
e  alkalies,  which  are  then  freed  from  the  salt  of  ammonia  formed, 
evaporation  to  dryness  and  ignition. 

6.  Alumina  may  be  separated  also  from  potassa  and  soda,  by  heat-  86 
g  the  nitrates  (see  38)  • 

«  Separation  of  the  Oxides  of  the  Third  Group  from  thb 

Alkaline  Earths. 

§  156. 

Index : — The  Nos.  refer  to  those  in  the  margin. 

Alumina  from  baryta,  37,  42,  43. 

•*        strontia,  37,  42,  43. 

♦♦        lime,  37,  42,  44,  45,  46. 

"        magnesia,  37,  42,  45,  46. 
JBesquiaade  of  chromium  from  the  alkaline  earths,  47,  48. 

Separation  of  Alumina  from  the  Alkaline  Earths. 
A.  Oeneral  Methods, 

[?HS  WHOLE  OF  THE  ALKALINE  EaRTHS  FROM  AlUMINA« 

1.  Precipitation  of  Alumina  by  Ammoniay  and  its  Solution  in 
Soda, 

Mix*  the  moderately  dilute  hot  solution  (preferably  in  a  platinum  87 
:^)  with  a  tolerable  quantity  of  chloride  of  ammonium,  if  such  be  not 
9tady  present,  add  ammonia  in  moderate  excess,  and  boil  till  no 
tre  free  ammonia  is  obsei-vable.  Under  these  circumstances,  a  little 
^nesia,  and  also  a  small  quantity  of  carbonate  of  lime,  baryta,  or 
>aitia  are  at  first  precipitated  along  with  the  alumina ;  on  the  boil- 
with  chloride  of  ammonium,  the  coprecipitated  alkaline  eai-ths  re- 
solve, so  that  the  alumina  finally  retains  only  an  unweighable  or 
t*cely  weighable  trace  of  magnesia.  Allow  to  deposit,  and  proceed 
«^  the  alumina  determination  according  to  §  105,  a.  After  it  has 
'^  weighed  fuse  it  for  a  long  time  with  bisulphate  of  potassa,*  dis- 
^^e  the  fused  ma£S  in  water,  and  determine  any  silicic  acid  *  that 
^  remain.  The  solution,  when  mixed  with  potassa  in  excess,  will 
•  appear  perfectly  clear,  but  will  contain  a  fow  fiocks  of  magnesia, 
bliere  is  any  amount  of  the  latter,  filter  it  off,  dissolve  in  nitiic  acid, 

'   A  small  quantity  will  always  be  found  if  you  have  boiled  in  a  glass  or  poi> 
^n  vessel. 
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precipitate  witb  ammonia,  boil  till  the  fluid  ceases  to  smell  of  am- 
inoiLia,  filtor,  ovajM)i*atc  the  small  quantity  of  fluid  in  a  platinum  cap- 
suit*,  ipiit<%  wei<j;h  the  residual  niatj^nesia,  deduct  it  from  the  alumini 
and  add  it,  on  the  oIIk.t  hand,  to  the  piincipal  quantity  of  tbe  mag- 
ncsia.      In  order  to  the  further  separation  of  the  alkaline  eartLs, 
acidify  the  fluid  containing  them  with  hydrochloric  acid,  evaporate 
(prefrraVdy  in  a  platinum  dish)  to  a  small  bulk,  and  while  still  ^'arm 
add  aiiinionia  just  in  excess.     A  small  precipitate  of  alumina  is some- 
tiines  formed  at  this  statue  ;  filter  otf,  wash  and  weigh  with  the  piin- 
cipHl  jtrecipitate.     In  the  filtrate  detemdne  the  alkaline  earths  8^ 
••ording  to  g  ir)4. 

2.  Un^q'unl  Drrompomhility  of  the  Nitrates  a4  a  Moderate  Beat 

(l)EVILLE*). 

To  make  this  simple  and  convenient  method  applicable,  thebtsfsSI 
nnist  1m»  present  as  jmre  nitrates.  Evaporate  to  dryness  in  apUti- 
nuni  dish,  and  heat  gradually,  with  the  cover  on,  in  the  sand-  or  ai^ 
bath — or,  better  still,  on  a  thick  iron  disk,  "with  two  cavities,  one  for 
the  platinum  dish,  the  other,  filled  with  brass  filings,  for  the  thenno- 
nieter — to  from  i'()0°  to  250°,  until  a  glass  rod  moistened  with  am- 
monia ceases  to  indictite  further  evolution  of  mtiic  acid  fumes.  You 
may  also,  without  risk,  continue  to  heat  until  nitrons  acid  vajKffl 
form.  The  residue  consists  of  alumina,  nitrates  of  baryta,  strontii, 
and  lime,  and  nitnite  and  basic  nitrate  of  magnesia. 

Moisten  the  mass  with  a  concentrated  solution  of  nitrate  of  am- 
monia, and  heat  gently,  but  do  not  evaporate  todrj^ness.  Eepeatthis 
operation  until  no  further  evolution  of  anmionia is  perceptible.  (Tlw 
basic  nitrate  of  magnesia,  insoluble  in  water,  dissolves  in  nitrate  of 
ammonia,  with  evolution  of  ammonia,  as  neutral  nitrate  of  magneaa) 
Add  water,  and  <lig<?st  at  a  gentle  heat. 

If  the  nitrate  of  anmionia  has  evolved  only  imperceptible 

tniccs  of  jiinnionia,  pour  hot  water  into  the  dish,  stir,  and  add* 

drop  of  (lihite  ammonia;  this  must  cause  no  turbidity  in  the 

fluid  ;  should  the  fluid  become  turbid,  this  proves  that  the  heat- 

iui^  of  tli(^  nitrates  has  not  been  continued  long  enough ;  inwhidi 

cjiseyou  must  again  evaporate  the  contents  of  the  dUsh,  and  heat 

onc<^  more. 

The  alumina  remains  tmdissolvod  in  the  form  of  a  dense  granultf 

8ul)stance.      Decant  after  digestion,  and  wash  with  boiling  water; 

ignit^j  strongly  in  the  same  vessel  in  which  the  separation  has  been 

ellected,  and  weigh.     Separate  the  alkaline  earths  as  directed  §  15i 

In  the  same  way  alumina  may  be  separated  also  from  potassa  vi 

toda. 

3.  Method  in  wJnrh  the  processes  of  1  and  2  are  combined. 

Precipitate  the  alumina  as  in  37j  wash  in  the  same  way  asthneji  , 
dircc'tctl,  tluMi  treat  while  still  moist  with  nitric  acid,  and  proceed  a^ 
conlinij  ti)  38  to  removes  the  trilling  amount  of  magnesia,  &c.,  copre* 
jiitat^Ml;  add  the  solution  obtained  to  the  principal  solution  of  fl* 
alkaline  earths,  and  treat  the  fluid  as  directed  in  37-  This  method 
may  be  eni])luyed  also  in  the  case  of  chlorides ;  it  will  be  sometim* 
foimd  usefid. 


♦  Joum.  f.  prakt.  Chem.  1803,  60,  0. 
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I.  J^recipitation  of  Altmhina  by  AcetcUe  or  Formiate  of  Soda 
upon  boiling, 

e  same  process  as  for  the  separation  of  sesqiiioxide  of  iron  from  40 
Lkaline  earths.     The  method  is  employed  more  particularly  when 
alumina  and  sesquioxide  of  iron  have  to  he  separated  from  alka- 
iarths  at  the  same  time  (§  113,  1,  d). 

5.  J^recipitation  of  Alumina  by  Succinate  of  Ammonia. 

oceed  as  for  the  precipitation  of  sesquioxide  of  iron  hy  the  same  41 
tnt  (§  113,  1,  c)  ;  especially  to  be  employed,  when  alumina  and 
loixide  of  iron  are  both  to  be  separated  from  alkaline  earths  at 
ame  time. 

B.  Special  Methods. 

Some  op  the  Alkaline  Earths  from  Alumina. 
1.  Precipitation  of  some  of  the  Salts  of  the  Alkaline  JSarths, 

%.  Baryta  and  Strontia  from  Alumina. 

Bcipitate  the  baryta  and  strontia  with  sulphuric  acid  (§§  101  48 
02),  and  the  alumina  from  the  filtrate  as  directed  §  105,  a.     This 
>d  is  e8j)eciHlly  suited  for  the  separation  of  baryta  from  alumina. 

^.  Lime  from  Alumina. 

d  ammonia  to  the  solution  until  a  permanent  precipitate  forms,  44 
acetic  acid  until  this  precipitate  is  redissolved,  then  acetate  of 
knia,  and  finally  oxalate  of  ammonia  in  slight  excess  (§  103,  2, 
,  allow  the  j)recipitated  oxalate  of  lime  to  deposit  in  the  cold, 
filter,  and  precipitate  the  alumina  from  the  filtrate  as  directed 
y  a.  In  presence  of  oxalate  of  ammonia,  alumina  requires  some 
for  precipitation  (Pisani). 

!.  Magnesia  and  small  quantities  of  Lime  from  Alumina. 

i:  with  some  tartaric  acid,  supersaturate  with  ammonia  and  46 
the  clear  fluid -(in  the  presence  of  enough  alumina  no  tartrate  of 
a  precipitated)  precipitate  first  the  lime  by  oxalate  of  ammonia, 
the  magnesia  by  phosphate  of  soda.  If  the  alumina  is  to  be 
nined  in  the  filtrate,  the  latter  must  be  evaporated  with  addi- 
»f  carbonate  of  soda  and  nitre  to  dryness,  the  n^sidue  ignited, 
led  with  water,  dissolved  in  hydrochloric  acid  (not  in  the  pla- 
i  dish),  and  the  alumina  precipitated  by  ammonia.  The  am- 
^phosphate  of  magnesia  which  may  contain  basic  tartrate  of 
ssia  is  to  be  dissolved  in  hydrochloric  acid,  reprecipitated  with 
>nia,  then  diied  and  weighed.  [Not  applicable  when  alumina 
sent  in  large  proportion,  since  alumina  saltu  dissolve  ammonio- 
•liate  of  magnesia  (Knapp).] 

L  Precipitation  of  Alumina  by  Carbonate  of  J^aryta. 

Llumina  from  Magnesia,  and  small  quantities  of  Lime. 

K  the  slightly  acid  dilute  fluid  in  a  flask,  with  carbonate  of  46 
1^  (shaken  up  with  water),  in  moderate  excess ;  cork  the  flask 
et  the  mixt\ire  stand  in  the  cold  until  the  hydrated  alumina 
ubsided,  wash  by  decantation  three  times,  filter,  and  then  de- 
ne the  alumina  in  the  precipitate  as  directed  43 ;  in  the  fil- 
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?-<'|i:i;Mt»'  TIM'  liin»r  iiii-i  iiiit^i.-'rij^  i^:-.'.  r L^. ^  "     : 

Ski'ajjation  or  Sk-t^'i-'XH'E  'F  '.iii.'jc::': 
KAhTirs. 

Till-  ht-t  \v;tv  Ti>  ♦-rf-'-*  *i.f-  ?^:<j.ra":i  c  :f  v 

■  ■ 

y\n.i-*'  i-  mix-' I  wi:li  L'J-  j.rirt*  '-f  r-irv  ^*- 
j':«jfs  «/t  ii'ifraf*''  nf  j$f,tit^jsa,  ^ti*\  '\^--  ::_:xT"i; 
<rtii-il)l"  t«>  fu>i"iii.  <  Ml  Ti'-jt'ii-j  tii^  f:-^-:  :_ 
•  ■iii'iiuiiirii  <li--'.ilv«-s  a>  alk:tli:«<:  ei.r  :.  a:--:  ".: 
:i"l.;iliii"  «'aith-  a-  r"trhi.ii.:it»-^.  ■.  r  \i.  ::..-  *:• 
'ill"  r-liir,jiiii|iii  i:i  tli»'  .*"iii;'iii!4  i^  ■i'-"»-r:..::.-i 

>■     ';ili').\i«lf  of  'IiPiTiiiMIll  Cal.!i"T   !>-  ^-JmT.-.:- 

jiik'.iliii*'  «*art}is,  siiifi-,  i^wn  tii.i"#^ii  ':-.»:r.».:.i: 
<-.'i'|i«i,  j»arti«rl<'s  r.if  thf  iiikaiiii**  ♦■;\rtL^  i»r^ 
."".-' |nio.\i«ii'  Iff  cliroiiiiiiMi.     Fi'-rn  ^-'riiTivi.*  : 

'l'li'i\'i<lt.'    of  rliioiriinili.  lil:.*-    •■JiL1-«-T     !••"-    T-rr 
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IFF.  .Ski'a RATION  OK  Sesqitoxxde  OF  CHKOKim  fejK  An3i. 

§  157. 

'''.  Vn^f'  tlif-  ^ixi'l'"^  wifh  2  parts l»y  w»^i'j]it  «''f  i.iT:*"*?  ■ :'  ••"*:'<>  si^w 
4  ji.'i?-  '.f  i-;nlM-iiaN«  r.f  S'.Mla,  iu  a  T»latii-Uia  ci-.io:"'-!-.-.  ::>..:  :..-  -  J^ 
iii:->wiTli  l»i;iliii'^  wati-r,  rhi>i'  ilit'  c..nr»'!.r>  •.■:'  :•.-  -.r;.  .■.■!:.*■:** 
li'-r  ■•■hiiii  tli-!i  <»i-  lii'jik' r,  M'M  a  sriiii<-'.v]iat  h\Y-z*.'  •:":.i!.:i"v  . :'  ..  "■*'* 
nt"  |...r.i--;i,  .~i;{i«-i -aTiirn:i; -li;:lit]y  with  liy«Iivio}i!'.  r: ■■  a.;!..:.  -■■.:,:-  r;.'r to 
;:..., ■,,i..i«T. Jill- 1. f  -'.  ruip.ainl  JuM.  iluriiiL'tlir  l:\:;vr  i  r-o«-S'S>.  *  :ir  r.'ff 
«ii  ..!;iii-  (if  j.i.T:i->;i  ii)  p"riiiiiis,  to  ri-ii;ii\v-  tliv  fiv-v  ).y.i:-;-vi/.:::.*."»''^ 
!'■;  .:i-  ii'iw  v.iTjj  wa't-r,  ainl  pn-cii-i^att^  tli»'  alr.uj'i.a  Iv  ..liTi-!.:^'^" 
a!'  Ill- ■!.!:!  or  MJiiiiiMiiia  ti-  <lir«'cT»-il  in  ^'  !<».'».'/.  Tli**  alnii.ir.:i  !"•>> '■"^ 
1  '  •■  tV'i:.  s<-i)ii"\iil"  Iff  <:lii-Mininiii.  In  tlie  tihi-aTv  The  ch  r  •:..-"::;  ^ 
(1  ■•'■vD.iiK  ii  :-iiii»i-rti|  ;j  l.'*".  If  vm\j  ..init  tlu^rvaiMMtiTi-'n  ^-1:!".  l}''^ 
<■'.!■. rii-;!'i<j  ;ii.-i  lin- 'la^' of  |h  itas>:i.  ]»arl  <if  tin-  i^l.r.  ll;io  will  f--  :>-.r^* 
lyiii"  n:'j".u>  a-i-l  in  t1i»'  llui'l,  an'l  Sf\^«iui«»xi.l-.^  (.-f  cl.ri''.:;:v.TL -^i^ 
;,.•.-.  .iilii|_rly.  ii|-..n  a^Mi t inn  « tf  anmjiniia.pivcipitate  wirh  iht^  ji"-.-^ 

(I'kxtkk").  .   -I 

/,.    hi^-.-lvo  tlio  oxi.li-s  in  liy«]rocliloric  acM  [make  the  S!''':^''^* 
n»Mily  n-'Utral  l.«y  farlmiiari-  «.»f  soila,  ad«l  acetate  of  so^lainexci'ssj.--' 
satnraTi'  rhi-  suluTii.n  witli  olrlorinc  pis.     Tho  scsquioxide  of  c^.^.•3* 
iini  will  Ih"  C'invriTi  <1  inio (*lir«nnic  acid. and  tho  ahiinina partiitHj"^ 
arat.d.     Wla-n  tin-  Hnid   has  bi-ronio  of  a  luire  vollow  color,  heifJ 

1      "_irf 

roniovc  tJM'  ♦•xrr>^  of  ohl«»rin<\  add  carlionatp  of  ammonia,  ar^  3^ 
to  (h'sTiMN  till"  hviHM']|].,rons  acid  a]>d  precipitate  the  still  dL*>-^ 
alinuina,  lihcr  ulf  iho  alumina,  and  d»'tt'niiiiif*  it  accoriling  to  5  i "^ 

*  Pofe'g.  Aimal.  80,  142. 
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the  fluid  the  chromium  is  determined  accoi*ding  to  §  130,  I.,  ct, 

^R,*  [GlBBSjf). 

FOURTH  GROUP. 

OF  ZINC — PROTOXIDE  OP  MANGANESE — PROTOXIDE  OF  NICKEL — 

•OXIDE  OF  COBALT — PROTOXIDE  OF  IRON SESQUIOXIDE  OF  IRON 

2UI0XIDE  OF  uranium). 

4RATI0N   OF    THE   OxiDES    OF   THE   FoURTH   GrOUP   FROM  THE 

Alkalies. 

§168. 

A.  General  Methods. 

LL  THE  Oxides  of  the  Fourth  Group  from  Ammonia. 

eed  as  for  the  sepai*ation  of  sesquioxide  of  chromium  and  alu-  61 
-om  ammonia,  33*  I^  must  be  borne  in  mind  that  the  oxides 
burth  group  comport  themselves,  upon  ignition  with  chloride 
onium,  as  follows  :  Sesquioxide  of  iron  is  partly  volatilized  as 
liloride ;  the  oxides  of  manganese  are  converted  into  proto- 
3  of  manganese,  containing  protosesquioxide  of  that  luetal ;  the 
of  nickel  and  cobalt  are  reduced  to  the  metallic  state  ;  oxide  of 
latilizes,  with  access  of  air,  as  chloride  of  zinc  (H.  Rose).  It 
jfore,  generally  the  safest  way  to  add  carbonate  of  soda.  The 
ia  is  determined  in  a  separate  portion. 

LL  Oxides  of  the  Fourth  Group  from  Potassa  and  Soda. 

the  solution  in  a  flask  with  chloride  of  ammonium  if  necessary,  62 
monia  till  neutral  or  slightly  alkaline,  then  yellow  sulphide  of 
Lum  saturated  with  sulphuretted  hydrogen,  fill  the  flask  nearly 
bop  with  water,  cork  it,  allow  the  precipitated  sulphides  to 
,  and  then  filter  them  off  from  the  fluid  containing  the  alka- 
li perfonning  this  process  the  precautionary  rules  given  under 
is  of  the  several  metals  in  question  (§§  108 — 113)  must  be 
n  mind.J  (If  notwithstanding,  the  filtrate  is  brownish, 
it  with  acetic  acid,  boil  and  filter  off  the  small  quantity  of  the 
e  of  nickel  which  then  separates.)  Acidify  the  filtrate  with 
iloric  acid,  evaporate,  filter  off  the  sulphur,  if  necessary,  con- 
le  evaporation  to  drj'ness,  ignite  the  residue  to  remove  the 
La  salts,  and  determine  the  alkalies  by  the  methods  given  §152. 

B.  Special  Methods. 

Oxide  of  Zinc  from  Potassa  and  Soda,  by  precipitating  53 
bhe  zinc  from  the  solution  of  the  acetates  with  sulphuretted 
liydrogen  (see  p.  181  and  72)* 

Sesquioxide  of  Iron  from  Potassa  and  Soda,  by  precipita- 
ting the  sesquioxide  of  iron  with  ammonia ;  or  by  heating  the 
nitrates  (see  88)* 

il.  d.  Chem.  u.  Pharm.  106,  121.        f  -A^™-  Jo^-  Science,  2d  ser.  89,  59, 
el  and  cobalt  maj  be  separated  from  the  alkalies  also  in  the  mannei 
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«.  S«fcii»te  ilie  aolntioii  vitfc  ailpfiiii^  and  pnedpitote  ttj 
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A.   General  Meikod. 

All  Oxides  of  thb  Foubth  Obouf  fbom  tns  AiXAun  Sim 

Add  to  the  Bolution  chloride  of  ^mmnmitup^  wo^  if  adld,  ako 
monia,  and  precipitate  with  sulphide  of  anunonium,  as  in  of.  1 
care  to  use  slightly  yellow  sulphide  of  ammonium,  perfect^ 
ted  with  sulphuretted  hydrogen,  and  free  from  carbonate  and  i^^ 
phate  of  ammonia,  and  to  employ  it  in  sufficient  ^xcgm,    InHrti 
cork,  and  let  the  £ask  stand  for  some  time,  to  allow  the  piee^ihM 
to  subside,  then  wash  quickly,  and  as  far  aa  practicable^  out  of  j' 
contact  of  air,  with  water  to  which  some  sulphide  of  ammoniiB ' 
been  added.     Acidify  the  filtrate  with  hydrochloric  add,  iMOi^  T 
from  the  sulphur,  and  separate  the  alkaline  earths,  aa  dinetrf 
§  154.     If  the  filtrate  is  brownish  from  a  little  dissolved  n^Mj 
nickel,  acidify  it  with  acetic  acid  instead  of  with  hydrodi]ori0i  ' 
'boil,  and  filter. 

If  the  quantity  of  the  alkaline  earths  is  rather  oonaidflnlifa^iti 
advisable  to  treat  the  slightly  washed  precipitate  onoe  moievittr 
drochloric  acid  (in  presence  of  nickel  or  cobalt^  it  is  nol 
to  efiect  com{)lete  solution),  heat  the  solution  gently  ftr 
and  then  reprecipitate  in  the  same  way. 

If  we  have  merely  to  effect  the  removal  of  nibkel  and  eoU^^ 
may  also,  after  addition  of  sulphide  of  ammoninm,  acidify  vifti 
ic  acid,  and  filter.     Cobalt  alone  may  be  separated  aa  ISiJlom: 
precipitating  the  ammoniacal  solution  with  sulphide,  of  aannoi 
boil  the  whole  till  the  free  ammonia  has  esci^>eay  add  a  few  dnf 
sulphide  of  ammonium  and  ammonia,  and  filter  (H.  Boa^ 

•  Pogg.  AnnaL  110,  410. 
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S.    Special  Methods, 

!•  Habyta,  Strontia,  and  Lime,  from  the  whole  of  the  Oxides 
OF  THE  Fourth  Group. 

Precipitate  the  baryta  and  strontia  from  the  acid  solution  66 
ivith  sulphuric  acid  (§§  101  and  102),  in  the  presence  of  lime 
add  \ — \  volume  of  strong  alcohol  (§  103).    For  baryta  this 
method  is  preferable  to  all  others. 

2.  Oxide  of  Zinc  from  the  Alkaline  Earths. 

Convert  the  bases  into  acetates,  and  precipitate  the  zinc  from  67 
the  solution  as  directed  in  §  108,  1,  6. 

3.  Sesquioxide  of  Iron  from  the  Alkaline  Earths. 

a.  Mix  the  somewhat  acid  solution  with  enough  chloride  68 
of  ammonium,  heat  to  boiling,  add  slight  excess  of  am- 
monia, boil,  till  the  excess  of  the  latter  is  expelled,  and  fil- 
ter. The  solution  is  free  from  iron,  the  precipitate  is  free 
from  lime,  baryta,  and  strontia,  but  contains  a  very  slight 
trace  of  magnesia  (H.  Rose*). 

h.  Precipitate  the  sesquioxide  of  iron  as  basic  acetate  or  for- 
miate  (§  113,  \^  d  [and  §  81,  e]  ).  The  method  is  good 
and  can  frequently  be  employed. 

c  Decompose  the  nitrates  by  heat  (38)* 

4.  Protoxide  of  Manganese  from  the  Alkaline  Earths. 

SeparcUion  of  Mcmga/neae  as  Sesquioxide  or  JBinoxide* 

a.  Schiel's  Method.f — Add  to  the  hydrochloric  acid  solution  car-  69 
l)onate  of  soda  until  the  fluid  is  nearly  neutralized,  mix  with  acetate 
of  soda,  dilute  sufficiently,  and  then  conduct  "cldorine  gas  into  the 
nuxture.   The  acetate  of  protoxide  of  manganese  is  decomposed,  and 
^  whole  of  the  manganese  separates  as  binoxide.     The  alkaline 
**rth8  remain  in  solution.     The  solution  is  kept  heated  to  between 
*^**  and  60°,  whilst  the  chlorine  gas  is  transmitted  through  it ;  as 
*>oii  as  the  binoxide  has  separated,  the  transmission  of  the  gas  is 
*5^PP^.     The  protosesquioxide  of  manganese  obtained  by  the  igni- 
tion  of  the  binoxide  so  produced  contains  alkali.   The  binoxide  must 
*»ierefore  be  dissolved  in  hydrochloric  acid,  and  the  solution  precipi- 
tated as  directed  §  109,  3.     Instead  of  chlorine  gas,  solution  of  hy- 
P^>cblorou8  acid  or  of  hypochlorite  of  soda  may  be  used.t     In  using 
the  latter,  care  must  be  taken  to  keep  the  fluid  always  slightly  acid 
"y  acetic  acid.     The  method  is  good. 

^.  H.  Rose]  recommends  to  mix  the  dilute  solution  with  acetate  60 
^f  aoda^  heat  and  saturate  with  chlorine  gas,  then  to  the  fluid,  which 
"^^^mes  red  from  the  formation  of  permanganic  acid,  to  add  excess 
•f  ammonia  (in  presence  of  much  magnesia,  also  chloride  of  ammoni- 

•  I*ogg.  Annal.  110,  300.  t  SiUim.  Joum.  15,  275. 

♦  [Bromine  is  the  most  convenient  reagent  to  employ  for  the  above  purpose.) 

I  Pogg.  .Vnnal.  110,  305. 
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uin),  to  hoil,  till  all  fi*eo  ammonia  is  expelled,  and  filter  off  tlie  pre- 
cipitated sesquioxide  of  manganese.  The  manganese  may  also  be 
coniplet<;ly  precipitated  from  a  dilute  cold  fluid  saturated  with  chlo- 
rine by  means  of  carbonate  of  baryta. 

[7.  Keiciiardt*  directs  to  add  to  the  hot  and  dilute  hydrochlor- 61 
ic  acid  solution  carbonate  of  soda  until  a  slight  permanent  precipi- 
tate is  formed,  to  redissolve  this  by  the  least  necessary  hydrochloric 
acid,  and  to  add  excess  of  (crystals  of)  acetate  of  soda.  The  acetic 
solution  thus  obtained  is  heated  just  to  boiling,  and  solution  of  hypo- 
chlorite of  soda  (procured  by  boiling  good  bleaching  powder  with 
solution  of  carbonate  of  soda,  using  the  latter  in  but  slight  excess)  is 
added  in  sufficient  quantity  with  stirring.  That  enough  hypochlo- 
rite has  been  added  is  shown  by  the  reddening  and  subsequent  bleach- 
ing of  litnuis  paper.  This  test  should  not  be  applied  until  the  hy- 
pochlorite has  had  a  little  time  to  react  on  the  manganese.  If  the 
acetic  acid  should  be  neutralized  more  must  be  added.  After  a  few 
minutes  filter  and  wash  with  hot  water.  Reichardt  assures  that  tlie 
binoxide  thus  obtained  is  free  from  alkali.] 

d.  Deville's  Method.f — The  bases  must  be  present  as  nitrates. 
Heat  in  a  covered  platinum  dish  to  from  200°  to  250°,  until  the 
formation  of  fumes  has  completely  ceased,  and  the  mass  has  become 
black;  and  proceed  in  all  other  respects  as  directed  in  88*  The 
presence  of  a  small  quantity  of  organic  matter,  or  the  action  of  a  too 
intense  heat,  may  cause  the  reduction  of  traces  of  binoxide  of  man- 
ganese, and  their  solution  in  nitrate  of  ammonia ;  these  traces  will  be 
found  with  the  magnesia. 

5.  Protoxide  of  Cobalt,  Protoxide  of  Nickel,  and  Oxidb  op 
Zinc,  from  Baryta,  Strontia,  and  Lime. 

Mix  with  carbonate  of  soda  in  excess,  add  cyanide  of  potassium,  60 
heat  very  gently,  until  the  precipitated  carbonates  of  protoxide  of 
cobalt,  protoxide  of  nickel,  and  oxide  of  zinc  are  redissolved;  then 
filter  the  alkaline  earthy  carbonates  from  the  solution  of  the  cyanides 
in  cyanide  of  potassium.  The  former  are  dissolved  in  dilute  hydro- 
chloric acid,  and  separated  according  to  §  154;  the  latter  are  sepa- 
rated according  to  §  160. 

Ill,  Separation  of  the  Oxides  of  the  Fourth  Group  fbok 
those  of  the  Third,  and  from  each  other. 

§  160. 

Index  : — The  Nos.  refer  to  those  in  the  margin. 

AlumiTUi  from  oxide  of  zinc,  64,  65,  70,  71,  81. 

**  protoxide  of  manganese,  64,  65,  66,  68,  70,  71,  78. 

"  protoxides  of  nickel  and  cobalt,  64,  65,  67,  70,  71, 81. 

**  protoxide  of  iron,  64.  65,  66,  67. 

**  sesquioxide  of  iron,  65,  66, 67,  75,  84. 

8eiquioxide  of  chromium  from  oxide  of  zinc,  protoxides  of  manganese,  DidA 

cobalt,  and  iron,  64,  65,  76. 
**                               sesquioxide  of  iron,  65,  75,  76. 
Analysis  of  chromic  iron,  77. 
^■■^ ■ 

•  Fres.  Zeitschrift,  v.  62.  \  Joum.  f.  prakt.  Chcm.  60,  11 
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Oxide  of  tine  from  alumina,  64,  65,  70,  71,  81. 

'*  protoxide  of  manganese,  64,  65,  76,  78. 

**  protoxide  of  nickel,  74,  83. 

**  protoxide  of  cobalt,  72,  74,  79. 

"  sesqnioxide  of  iron,  64,  69,  70,  71,  85. 

Protoodde  of  manganese  from  alumina,  64,  65,  66,  68,  7Qs  71,  78. 

**  sesqnioxide  of  chromium,  64,  65,  76. 

**  oxide  of  zinc,  78. 

"  protoxide  of  nickel,  73,  74,  78,  80. 

'*  protoxide  of  cobalt,  73,  74,  79,  80. 

**  sesqnioxide  of  iron,  64,  68,  69,  70,  71. 
Protoxide  of  nickd  from  alumina,  64,  65,  67,  70,  71,  81. 

**  sesqnioxide  of  chromium,  64,  65,  76. 

**  oxide  of  zinc  72,  74,  83. 

*'  protoxide  of  manganese,  73,  74,  78,  80. 

**  protoxide  of  cobalt,  79,  82. 

**  sesqnioxide  of  iron,  64,  69,  70.  71,  73,  85. 

Protoxide  of  eobaU  from  alumina,  64,  65,  67,  70,  71,  81. 

*^  sesqnioxide  of  chromium,  64,  65,  76. 

"  oxide  of  zinc,  72,  74,  79. 

**  protoxide  of  manganese,  78, '74,  79,  80. 

**  protoxide  of  nickel,  79,  82. 

**  sesqnioxide  of  iron,  64,  69,  70,  71,  73. 
Protoxide  of  iron  from  alumina,  64,  65,  66,  67. 

^*  sesqnioxide  of  chromium,  64,  65,  76. 

**  sesquioxide  of  iron,  64,  85. 
JBetquuKtide  of  iron  from  alumina,  66,  67,  75,  84. 

**  sesquioxide  of  chromium,  65,  75,  76. 

"  oxide  of  zinc,  64,  69,  70,  71,  85. 

"  protoxide  of  manganese,  64,  68,  69,  70,  71, 

"  protoxide  of  nickel,  64,  69,  70,  71,  73,  85. 

"  protoxide  of  cobalt,  64,  69,  70,  71,  7a 

'^  protoxide  of  iron,  64,  85. 


A.    Oeneral  Methods, 
1.  Precipitation  of  some  Oxides  hy  Carbonate  of  J^arytcu 

E8QUI0XIDE   OF   IrON,  AlUMINA,  AND   SESQUIOXIDE  OF  ChEOMIUM, 
I  ALL   OTHER   BaSES   OF   THE   FoURTH   GrOUP. 

[ix  the  sufficiently  dilute  solution  of  the  chloiides  or  nitrates,  64 
not  sulphates,  which  must  contain  a  little  free  acid,*  in  a  flask, 
I  a  moderate  excess  of  carbonate  of  baryta  diffused  in  water ; 
:,  and  allow  to  stand  some  time  in  the  cold,  with  occasional 
dng.  The  sesquioxide  of  iron,  alumina,  and  sesquioxide  of  chro- 
m,  are  completely  separated,!  ^^^^^^  ^^^  other  bases  remain  in 
tion,  with  the  exception  perhaps  of  traces  of  protoxide  of  cobalt 
protoxide  of  nickel,  which  will  generally  fall  down  with  the  preci- 
ted  oxides.  This  may  be  prevented,  at  least  as  regards  nickel,  by 
tion  of  chloride  of  anmionium  to  the  fluid  to  be  precipitated 
^ARZENBERG  J).  Decant,  stir  up  with  cold  water,  allow  to  deposit, 
tit  again,  filter,  and  wash  with  cold  water.     The  precipitate  con- 

^  there  is  mnch  free  acid,  the  greater  part  of  it  must  first  be  satniated 
Carbonate  of  soda. 

^  separation  of  the  sesqnioxide  of  chrominm  requires  the  most  time. 
(UiaL  d.  Chem.  n.  Pharm.  97,  216. 
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tainsy  besides  iLe  precipitaited  omda^eBilwiutaof  iMiiyte;  ndtti 
filtnte,  besides  Ae  nonfiec^itsted  omda^  a  nlfe  of  buytk 

If  protosido  of  iroo  is  prntsli 
and  ifc  is  wished  to  sepsnto  it  \f 
dus  meCliod  firam  sesauioadds  ■ 
iioii,  Ae,  tbe  air  nnist  be  eidhidBi 
donDg  tlie  iriude  of  tho  opsstus^ 
£&  Aai  esse,  tbe  solntiion  of  tti 


Fig.  M. 


iddch  osibonio  acid  is  tnm— ittri 
(fl.    The  washing  water,  boDedfiii 
mnn  air,  and  oo(»led  out  of  costefe 
ot  air  (pmfenUy  in  a  eomat  rf 
osrbonio.sekl)y  is  poured  in  doo^ 
a   fdnnel  tabs  (e)^   and  tiie  tai 
drawn  off  hj  means  of  a  ■ofiHi 
BjFphon  (&} ;  an  the  tabes  uefM 
air-ti|^t  into  tho  eoriE;  tl^f  m 
smeared  with  tsllow. 


2.  PredpUaUim  of  the  Omdn  pf  Ik  JBimA  Gmft  ^ 
Sufphide  of  Sodium^  or  £ki&hido  ofAmmmomm^fm 
AUbidine  &)luUon  ^mied  wM  As  M 

Alumina  and  Sesqqioxidb  of  Ohbomiuii  ibok  tbe  Oxob^ 

THE  Fourth  Group. 

Mix  the  solution  with  tartaric  acid,  then  with  pure  idhrtMisI 
soda  or  potassa  uutil  the  fluid  has  cleared  again  ;*  add  ml^pU^" 
sodium  as  long  as  a  precipitate  forma,  allow  it  to  deposit  imd  Al 
supernatant  fluid  no  longer  exhibits  a  greenish  or  brownidi  M 
decant,  stir  the  precipitate  up  with  water  containing  wdUfkadud^ 
dium,  decant  again,  transfer  the  pi*ecipitate,  whioh  eontuuiD^ 
metals  of  the  foui-th  group,  to  a  filter,  wash  with  water  oontaM 
sulphide  of  sodium,  and  separate  the  metals  as  directed  is  B.  ^ 
to  the  filtrate  nitrate  of  potassa,  and  evaporate  to  dryness;  to* 
residue,  and  separate  the  alumina  from  the  chromic  acid  fKiN^^^ 
ilirected  §  157.     If  you  have  merely  to  separate  alumina  toiv^ 
oxides  of  tho  fourth  group,  it  is  better,  after  addition  of  tsitniei4' 
to  supersaturate  with  ammonia,  add  chloride  of  ammoniimi,iid] 
cipitate  in  a  flask  with  sulphide  of  ammonium.     When  thft 
tate  has  settled  it  is  filtered  off  and  washed  with  water  ooi 
sulphide  of  ammonium.     The  filtrate  is  evaporated  with  additet 
carbonate  of  soda  and  nitrate  of  potassa  to  dxynoss,  fiised|iB'< 
alumina  determined  in  the  residue. 


*  Sesquiozide  of  chromium  and  oxide  of  zino  cannot  be  oMsfaadtj^ 
alkaline  solution  (Chanoel,  Compt.  rend.  48,  927 :  Joum.  1  uski  W 
878). 
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B.   Sjyecial  Methods, 
Solubility  of  Alumina  in  Cattstic  Alkalies.  • 

.LUMINA    FROM    PROTOXIDE    AND     SeSQUIOXIDE   OF    IrON,   AND 

Quantities  of  Protoxide  of  Manganese  (but  not  from  the 
ides  of  nickel  and  cobalt). 

b  the  rather  concentrated  acid  solution  in  a  flask  to  boiling,  66 
5  from  the  gas,  and  reduce  the  sesquioxide  of  iron  present  by 
e  of  soda.  Replace  the  fluid  over  the  lamp,  keep  boiling  somo 
ad  then  neutralize  with  carbonate  of  soda,  add  solution  of  pure 
•  potassa  in  excess,  and  boil  for  some  time, 
le  analyzed  substance  contains  much  iron,  the  precipitate  will 
>  black  and  granular,  which  is  a  proof  that  the  iron  has  been 
ted  into  protosesquioxide.  The  tendency  to  bumping,  preced- 
3  actual  ebullition  of  the  fluid,  may  be  guarded  against  by 
of  a  spiral  coil  of  y)latinum  wii-e  placed  in  the  liquid,  or  by 
it  agitation  of  the  latter :  when  ebullition  has  once  set  in,  there 
ii-ther  need  of  these  precautions.  Remove  the  fluid  now  from 
1,  allow  to  deposit,  pass  the  clear  fluid  through  a  filter,  which 
ot  be  over-porous,  boil  the  precipitate  again  with  a  fresh  quan- 
solution  of  soda,  then  wash  it,  first  by  decantation,  afterwards 
filter  with  hot  water.  Acidify  the  alkaline  filtrate  with  hy- 
►ric  acid,  boil  with  some  chlorate  of  potassa  (to  destroy  any 
of  organic  matter),  concentrate  by  evaporation,  and  precipi- 
3  alumina  as  directed  §  105,  a.*  The  boiling  of  the  precipi- 
xides  with  the  solution  of  soda  is  effected  best  in  a  somewhat 
•us  silver  or  platinum  dish.  A  solution  of  soda  containing 
a  and  silica  must  be  particularly  avoided, 
^quioxide  of  chromium  was  present  in  the  analyzed  sub- 
you  will  find  the  principal  portion  of  it  with  the  sesquioxide 
;  but  a  small  quantity  has  been  oxidized  to  chromic  acid,  and 
rdingly  found  in  the  fluid  filtered  from  the  alumina, 
he  method  described  in  a  is  often  employed  also  in  a  modified 
mitting  the  reduction  of  the  sesquioxide  of  iron ;  in  which 
3  process  is  performed  as  follows : — Pi-ecipitate  with  ammonia, 
filter,  wash,  transfer  the  precipitate  still  moist  to  a  platinum 
ithout  the  aid  of  water,  and  remove  the  last  particles  adhering 
Alter  by  means  of  warm  hydrochloric  acid,  which  is  allowed 
i  into  the  platinum  dish.  The  aqueous  washings  of  the  filter 
pt  separate.  When  the  precipitate  in  the  platinum  dish  has 
Bd,  add,  very  cautiously,  concentrated  solution  of  caustic 
.,  or  carbonate  of  soda,  until  the  free  acid  is  almost  neutralized, 
ply  heat,  finally  to  boiling ;  after  this,  remove  the  lamp,  and 
ump  of  pure  hydrate  of  potassa  sufliciently  large  to  redissolve 
3cipitated  alumina,  leaving  the  hydrated  sesquioxide  of  iron 
»lYed.  Rinse  the  platinum  dish  now  into  the  beaker  which 
JB  the  washings  of  the  filter;  wash  the  sesquioxide  of  iron, 
decantation,  then  upon  the  filter  with  boiling  water,  and  treat 
rate  as  in  a. 

le  fluid  in  which  it  is  intended  to  separate  sesquioxide  of  iron 
iimina  contains  lime  or  magnesia,  some  alumina  is  likely  to 
undissolved. 

*  Jonm.  1  praki  Ohem.  45,  261. 
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c.  Alumina  from  Sesquioxide  of  Iron  akd  Pbotoxideb  of  Ibo5, 
Cobalt,  and  Nickel. 

Fuse  the  oxides  with  hydi-ate  of  potassa  in  a  silver  crucible,  boil 67 
the  mass  with  water,  and  filter  the  alkaline  fluid,  which  contains  the 
alumina,  f^oni  the  oxides,  which  are  free  from  aJuminii,  but  contain 
potassa  (H.  Kose). 

2.  Different  hchainor  of  the  Oxides  towards  Amtnonia  in  the 

presence  of  Chloride  of  Ammonium, 

Alumina  and  Sesquioxide  of  Iron  from  Protoxide  of  Mas- 
can  ese. 

The  solution  should  be  sufficiently  dilute,  mixed  with  chloride  of  t| 
aminouium,  and  slifrhtly  acid.  Heat  to  boiling,  add  ammonia  ia 
moderate  exc<?ss,  and  allow  to  boil  gently  without  interruj)tion  till  all 
free  ammonia  is  expelUnl,  then  filter  off  the  precipitate  which  con- 
tains the  sesquioxide  of  iron  and  the  alumina  from  the  fluid  contain- 
ing the  manganese.  If  the  quantity  of  the  manganese  is  small,  the 
pre<ni)itate  will  contain  merely  unweighable  traces  of  it.  K,  on  the 
other  hand,  much  is  ])reRent,  the  precipitate  after  being  partiallj 
washed  is  redissolved  in  hydrochloric  acid,  and  the  above  precipitin 
tioD  is  repeated.     Results  good  (H.  Rose*), 

3.  Different  deportment  of  neutralized  Solutions  at  boiling  hoL 
Sesquioxide  of  Iron  from  Protoxides  of  Manganese,  Nicxa 

AND  ( -OBALT,  OxiDE  OF  ZiNC,  AND  OTHER  STRONG  BaSES. 

jSIix  the  dilute  solution  largely  with  chloride  of  ammonium  (at  leastN 
20  of  Nil^Cl  to  1  of  oxide),  add  carbonate  of  ammonia  in  snuJl 
quant itios,  at  last  drop  by  drop  and  in  veiy  dilute  solution,  as  long 
as  tlie  pr(?cipitated  iron  redissolves,  which  takes  place  promptly  at  first, 
but  more  slowly  towards  the  end.  As  soon  as  the  fluid  has  lost  its 
trans])aron(y,  without  sliowing,  however,  the  least  trace  of  a  distinct 
precipitate  in  it,  and  fails  to  recover  its  clearness  aft<?r  standing  some 
time  in  the  cold,  but,  on  Wve  contrary,  becomes  rather  moi-e  tuiiftd 
than  otherwise,  the  reaction  may  be  considered  completed.  When 
this  ]K)int  has  b(»en  attained,  heat  slowly  to  boiling,  and  keep  in 
ebullition  for  a  short  time  after  the  carbonic  acid  has  been  entinelT 
expelled.  The  ses(]uioxide  of  iron  separates  as  a  basic  salt,  whi<i 
raj)idly  settles,  if  the  solution  was  not  too  concentrated.  Add  no* 
a  droj)  of  annnonia,  to  see  wh(»ther  the  ii-on  has  been  completrfr 
thrown  down,  then  a  little  more  ammonia,  to  convert  the  basic  biK 
of  iron,  which  has  a  tendency  to  dissolve  upon  cooling,  into  hydnted 
sescjuioxide,  and  filter.  To  insure  accurate  results,  the  fluid  mitft 
not  contain  more  than  3*4  gnn.  sesquioxide  of  iron  in  the  litre,  ind 
must  be  toleral)ly  free  from  sul})huric  acid,  since  it  is  difiicuit  in 
presence  of  the  hitter  to  liit  the  exact  point  of  saturation.  (Hekm^HE^I 
S('iiWAHZEXBKiifi.J)  The  precipitate  should  be  washed  with  vnt* 
containing  chloride  of  ammonium. 

♦  Pogg.  Annal.  110,  804  u.  307.     f  Annal.  de  Chim.  et  de  Phya  19, 301 

X  Annal.  d.  Chem.  u.  Pharm.  97,  216. 
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4.  Metlujd  hosed  on  tlie  beJiavior  of  tJie  Acetates  at  a  boiling  Jieat, 

Sesquioxide  of  Iron  and  Alumina  from  Protoxide  of  Manga- 
nese, Oxide  of  Zinc,  Protoxide  of  Cobalt,  and  (but  not  so  well) 
Protoxide  of  Nickel. 

Precipitate  the  sesquioxide  of  ii'on  and  alumina  according  to  §  113,  7fl 
ly  d.  See  also  §  81,  e.  The  precipitate  is  free  from  manganese,  co- 
balt, and  zinc  ;  but  it  contains  some  nickel,  from  which  it  can  only 
be  freed  by  redissolving  (after  slight  washing),  reprecipitating  in  the 
same  manner,  and  repeating  the  opei'ation  a  third  time.  The  method 
IB  more  suited  to  the  separation  of  sesquioxide  of  iron,  or  of  sesqui- 
oxide of  iion  and  alumina,  than  of  alumina  alone.     Kesults  good. 

5.  Metltod  based  on  tlie  different  beliavior  of  ike  SvLCcinates, 

Sesquioxide  of  Iron  (and  Alumina)  prom  Oxide  of  Zinc,  and 
Protoxides  of  Manganese,  Nickel,  and  Cobalt. 

The  solution  should  contain  no  considerable  quantity  of  sulphuric  71 
acid.  If  acid,  as  is  usually  the  case,  add  ammonia  till  the  color  is 
reddish  brown,  then  acetate  of  soda,  or  of  ammonia  (H.  Kose)  till 
the  color  is  deep  red,  finally  precipitate  with  neutral  alkaline  succi- 
nate at  a  gentle  heat,  and  filter  the  succinate  of  sesquioxide  of  iron 
firom  the  solution  which  contains  the  rest  of  the  metals.  For  the 
further  treatment  of  the  precipitate,  see  §  113,  1,  c.  With  proper 
care  the  separation  is  complete,  and  especially  to  be  recommended 
when  a  relatively  large  quantity  of  ii'on  is  present.  The  method  may 
also  be  used  in  the  presence  of  alumina.  The  latter  falls  down  com- 
pletely with  the  iron.     (E.  Mitscherlich,  Pagels*.) 

6.  Different  deportment  of  several  Sidphides  with  AcidSy  or  of 

the  Acetic  Acid  JSoltUions  with  Sulphuretted  hydrogen, 

[a.  Oxide  of  Zinc  from  Protoxides  of  Nickel  and  Cobalt. 
Brunner's  Method.! 

The  metals  must  exist  in  dilute  nitric  or  hydrochloric  solution  (not  72 
more  than  1  grm.  of  both  oxides  in  ^  litre).     This  is  so  nearly  neu- 
tralized by  carbonate  of  soda  that  only  a  very  small  quantity  of  free 
add  remains.     To  accomplish  this  purpose  it  is  best  to  add  a  dilute 
aolntion  of  carbonate  until  a  slight  precipitate  is  left,  after  agitating 
and  standing  for  some  time,  and  then  to  remove  this  by  one  or  more 
drops  of  dilute  acid.     Conduct  into  the  liquid  thus  prepared  hydro- 
Bolphuric  acid,  which,  after  a  time,  produces  a  perfectly  white  pre- 
cipitate of  sulphide  of  zinc.     After  a  good  share  of  the  zinc  has  thus 
been  thrown  down,  add  to  the  liquid  a  few  drops  of  a  very  dilute 
aolution  of  acetate  of  soda  and  continue  the  passage  of  hydrosulphuric 
acid  gas  as  long  as  the  precipitate  appears  to  increase,  and  afterwards 
let  the  whole  stand  12  hours  at  ordinary  temperatures.     The  preci- 
pitate ftettles  perfectly  and  washes  easily  upon  the  filter. 

In  order  to  make  certain  of  the  thorough  separation  of  the  zinc, 
ifedd  to  a  portion  of  the  filtered  liquid  a  drop  of  solution  of  acetate  of 
lodn  and  treat  again  with  hydrosulphuric  acid  gas.  If  a  white  tur- 
Ikidity  ensues  the  whole  filtrate  must  be  subjected  to  the  same  opera- 
tion. 

^  Jahzesber.  r.  Kopp  a.  Will.  1858,  617.        f  I>iDgler*s  polyt.  Jouzn.  160,  87a 
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The  tdpliide  of  due  k  Ibrtfaor  tmAtd  aeeoidi^  tD  S 
Thin  ifuwririnii  innrfinili  nmly  "rhnn  thn  iWrwiticw  mo  Mnollf  ai- 
heradto.  If  th^ t1r1^1^1m  Vr irmt^iil, itrirtrnfrin  Jirtrwranfc  ■imtrtprf 
•oda,  or  be  heated,  nidDel  win  go  down  wilih  Ae  ana  ITironba 
preeent  it  mmi  be  preTiaoi^  ■apeiated.  MiziBBLaseBqjIqjedllii 
meihod  in  the  aiudjni  of  Germaa  alver  vitih 
suite.] 


6.  PBOToxmn  of  Oobai.t  amd  TSwmMLwmamJfmaminm  or  ]Ia» 

QAXM8E  AKD  THE  OxiDBB  OF  IbOV. 

The  aolution,  which  most  be  free  from  nitrio  eoid,  i%  after  iieiit»7l 
liation  of  any  free  add  whidi  maj  be  preaeut  bgr  "■■™**""^  I"^^^^ 
tated  with  salphide  of  airnnonimn,  and  bigldy  diliile  hydrochkoB 
acid,  or — if  manganeae  akme  haa  to  be  aepamled — aoetie  add  thn 
added,  and  sulphuretted  hydn^en'  gaa  oondnetod  Into  the  floid  It 
aatiiration,  with  frequent  stirring.  Hue  aenres  to  diaaolfo  the  sil* 
phide  of  manganese  and  the  solmude  of  inm,  whilafc  Ae  ■"y»»^  ft 
cobalt  and  the  sulphide  of  nidcel,  thougfi  the  latter  leaa  iwwnpintifc 
remain  undissolved.  The  filtrate  ia  renredpitated  by  fw>*W*¥y  m 
ammonia  and  sulphide  of  ammonium,  and  the  above  toeaftment  is  » 
peated.  The  results  are  aocurate.  It  is  adiriaable^  however,  to 
the  weighed  cobalt  and  nickd  oompoand%  ftr  mangineae  wad 


c  Pbotoxides  of  OoBAinr  amd  Nicoaoi  nox  'Prntnaxixm  or  Ibi- 

GAMESE  AHB  OXIDI  OJT  ZOTOt. 

a.  Put  the  weighed  mixture  of  the  oxides  in  *  pninehin  or  pldfrH 
num  boat,  insert  this  into  a  tube,  heat  to  dull  redneoL  ^riukk  ea» 
ducting  sulphuretted  hydrogen  gas  over  it.  Let  the  anlpUdea  faHsl 
cool  in  the  current  of  gas,  and  then  digest  them  fiir  aerend  boon 
with  cold  dilute  hydrochloric  acid,  whi<£  dissolves  only  the  aobhUi 
of  mauganese  (and  sulphide  of  zinc).  The  sulphidea  of  nidm  sal 
cobalt  are  left  behind  pure  (Ebelmxn*). 

B.  Precipitate  with  carbonate  of  soda,  filter,  waah,  and  jgaite; 
mix  1  part  of  the  residue  with  1*5  of  sulphur  and  0*76  of  earboasti 
of  soda,  and  heat  the  mixture  in  a  small  retort  as  stxon^y  aa  posB> 
ble  for  half  an  hour.  Allow  the  mixture  to  eool,  and  eztnet  As 
sulphide  of  zinc  (and  sulphide  of  manganeee)  foimed,  with  diloBll 
bydrochloric  acid  (1  part  acid  to  10  water),  BBUmxs.t 

7.  Different  deportmerU  of  ihs  ieveral  (kddM  wUk  Mydngm 
Gas  at  a  red  heoL 

Sesquioxide  of  Iron  fbox  Aluxika  Aim  SssQUioxm  or  Oath 

MIUM. 

[Precipitate  with  ammonia,  heat,  filter,  ignite  and  weif^    Wifrff 
rate,  and  weigh  off  a  portion  in  a  platinum  orudble.     Ignite  to  m^ 
iioss  in  a  stream  of  hydrogen  gas  as  long  as  water  fimna  (aboat  1 


*  AnnaL  d.  Ghem.  u.  Pharm.  72,  829.    Bbelmen  has  given  Us 
for  the  separation  of  cobalt  and  nickel  from  manganese. 

t  Annal.  d.  Chem.  u.  Phorm.  80,  864.    Bronner  has giTen  Usawttoddi 
for  nickel  and  zinc. 
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hour).      Then  ignite  over  the  blast-lamp  in  a  current   of  mixed 
hydrogen  and  hydrochloric  acid  gases. 

This  leaves  the  alumina  and  sesquioxide  of  chromium  in  a  state  of 
pu'-ity ;  the  iron  volatilizes  as  protochloride,  and  is  determined  by  the 
loss.     (Method  of  HivoT  and  Deville  modified.)] 

8.  Different  capacity  of  the  several  Oxides  to  he  converted  into 
higher  OxideSy  or  higher  Chlorides, 

a,  Sesquioxide  of  Chromium  from  all  the  Oxides  of  the 
Fourth  Group. 

Fuse  the  oxides  with  nitrate  of  potassa  and  carbonate  of  soda  76 
(comp.  §  157),  boil  the  mass  with  water,  add  a  sufficient  quantity  of 
spirit  of  wine,  and  heat  gently  for  several  hours.  Filter,  and  deter- 
mine in  the  filtrate  the  chromium  as  directed  §  130,  and  in  the  residue 
the  bases  of  the  fourth  group.  The  following  is  the  theory  of  this 
process :  the  oxides  of  zinc,  cobalt,  nickel,  iron,  and  pai-tly  that  of 
manganese,  separate  u[)on  the  fusion,  whilst,  on  the  other  hand,  man- 
^nate  (perhaps  also  some  ferrate)  and  chromate  of  potassa  are  formed. 
Upon  boiling  with  water,  part  of  the  manganic  acid  of  the  manga- 
nate  of  potassa  is  converted  into  permanganic  acid  at  the  expense  of 
the  oxygen  of  another  part,  which  is  reduced  to  the  state  of  binoxide ; 
the  latter  separates,  whi»^st  the  potassa  salts  are  dissolved.  The  addi- 
tion of  alcohol,  with  the  application  of  a  gentle  heat,  efiects  the  decom- 
position of  the  manganate  and  permanganate  of  potassa,  binoxide 
of  manganese  being  separated.  Upon  filtering  the  mixture,  we  have 
therefore  now  the  whole  of  the  chromium  in  the  filti'ate  as  alkaline 
chromate,  and  all  the  oxides  of  the  fourth  group  on  the  filter.  Alu- 
mina, if  present,  will  be  found  partly  in  the  residue,  partly  as  alka- 
line aluminate  in  the  filtrate ;  proceed  with  the  latter  according  to  49* 

If  you  have  to  deal  with  the  native  compound  of  sesquioxide  of 
chromium  with  protoxide  of  iron  (chromic  iron)  the  above  method 
does  not  answer.     In  this  case  the  following  plan  may  be  adopted : 

Take  0*5  grm.  of  the  impalpable  powder,  and  fuse  in  a  capacious  77 
platinum  crucible  with  6  grm.  bisulphate  of  potassa  for  fifteen 
minutes,  at  a  temperature  scarcely  above  the  fusing  point  of  the 
latter,  then  raise  the  heat  somewhat,  so  that  the  bottom  of  the  cru- 
cible may  just  appear  red,  and  keep  it  so  for  fifteen  or  twenty  minutes. 
The  fusing  mass  should  not  rise  higher  than  half  way  up  the  crucible. 
The  mass  begins  to  fuse  quietly,  and  abundant  fumes  of  sulphuric 
acid  escape.  At  the  expiration  of  twenty  minutes  the  heat  is  in- 
creased as  much  as  necessary  to  drive  out  the  second  equivalent  of 
salphuric  acid,  and  even  to  decompose  partially  the  sulphate  of  iron 
and  chromium.  To  the  fused  mass  now  add  3  grm.  pure  carbonate 
of  soda,  heat  to  fusion,  and  add  in  small  portions  from  time  to  time 
daring  an  hour  3  grm.  nitre,  maintaining  a  gentle  red  heat  all  the 
while,  then  heat  for  15  minutes  to  bright  redness.  Treat  the  cold 
mass  with  boiling  water,  filter  hot,  wash  the  residue  with  hot  water, 
then  digest  in  the  heat  with  hydrochloric  acid.  If  anything  remains 
undissolved,  it  is  a  portion  of  the  ore  undccomposed,  and  must  be 
■objected  again  to  the  above  opei*ation.  To  weigh  such  a  residue 
and  deduct  it  from  the  ore  first  taken  is  not  good,  as  it  never  pos- 
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«'->.•«  the  *vnnf»Asition  r.f  the  ori^drsal  substance.  The  alkaline  s^-iu- 
ti'  II.  whii-li  otTi;n  coijtaii:>. l»».>iilcs  tlie chnjuiie Aoi<L&isuS':«ni^  &ili-:k^ 
tit:irii<\  and  inanzunic  acids  and  alumiiuu  is  evaporated  wiiL  ejLcess 
rii'  III r  rate  oi  ammonia  on  a  water-bath  nt^rly  to  diynvrss,  and  tili  ftii 
fr'<r  aiijinonia  is  ex|>«'lled.  On  addition  of  water,  the  silicic  ^'id, 
air.:iiina,  titanic  acid,  and  se^juioxide  of  manganese  remain  n&'iis- 
so!v«;d,  wiiihr  the  cliromic  acid  [la-sses  into  solution,  and  is  to  be  tie- 
t« .iiuined  according  to  g  130.     (T.  S.  HuTfT.     F.  A-  Gexth*.) 

h.  PKOTfiXIDE     OF     MaXGAXESE    FBOX    ALrMI3(A,    PROTOUDE    Of 

N K  KKL,  ANi>  Oxide  of  Zinc  (but  not  from  protoxide  of  cobalt  and 
the  oxid«.-H  of  iron). 

Aft«;r  SriiiEL.f — Conduct  chlorine  gas  into  the  solution  mixed  78 
with  ucTftate  of  soda  (see  59,  60  <^<1  61)* 

9.  ^r*thod  haJted  upon  th€  different  deportment  of  the  3'i7nV«. 

Protoxide  of  Cobalt  from  PROTOxroE  of  Nickel^  also  fboi 
Protoxide  of  Manganese  and  Oxide  of  Zinc. 

'riio  s«-]i:iration  of  cobalt  as  nitrite  of  sesquioxide  of  cobalt  tnijl 
|M)iiissji,  wliich  wiui  recommended  first  by  Fischer,*  afterwards  by  A. 
ST!roMKVEK||  is  Unquestionably  the  best  method  for  separating  coImH 
and  nickel.     Tlio  best  mode  of  proceeding  is  as  follows: — ITiesolB- 
tion  of  th«M)xide8  (from  which  any  iron  [as  well  as  all  alkaline  wrti« 
\vli«n'  nick<'l  is  pntsent.]  must  first  be  separated)  is  eTa|>orated  to  • 
snijill  bulk,  and  then,  if  much  free  tu-id  is  pi-esent,  neutralized  ^tk 
])«)tj»  sji.      Tlion  add  a  concentrated  solution  of   nitrite  of  potaM 
(pi'vi'Mislv  iKMif  ralizrd  with  acetic  acid  and  filtered  from  anv  fl(>cb 
t>\'  sili<:i  .Hid  alinniuji  that  may  have  sepaifited)  in  sulfioient  ipianntf 
.mimI    fiiiJilly  a<'«*tic  a<-i(l,  till  any  flucculent  precipitate  that  may  ha^e 
f'.hi'Ml  froiii  exerss  of  potassa  has  redissolved  and  the  fluid  is  •l*'*^' 
( <liy  ;j(i(l.      Allow  it  t<»  stand  at  h-ast  for  21  lioui*s  in  a  wanii  J'l-f^? 
t;.i:<'  out   a  jioi-tioii  of  the  suiK?niatant  fluid  with  a  pij^ette,  mix  i^ 
witji  iiion-  nitrite  of  potassa  and  ohservo  wlietlu'r  a  further  pn'ci|'i- 
t:r i<.n   tnkcs  ])lace  in  this  after  longstanding.     If  no  preeipitaiew 
fi'iui'Ml   the  whoh'  of  the  eohalt  has  fallen  down,  otherwise  thesW" 
pojtioii  must  !)(»  r(*tiirn<'d  to  the  principal  solution,  some  more  iiitrit? 
of  p')fi.ss;i  adfh'd,  jumI    after  loni^  standing   the   same  test  appli*^^ 
Til  US  alonr  axn  th«'  analyst  Ix*  sun?  of  the  complete  precipitatiou  of  the 
(ohalt.      Finally  tiltcr  and  treat  the  j)n*cipitateaccordingto§  llh  ^j 
if  yon  desire  to  determine  it  after  the  method  of  Genth  and  GlBBS. 
11.  IJosFC    reconnn"n(ls  washinf^  the  ])recij»itate  with    a  saturatcni so- 
lution of  chloride  of  potassium  or  of  sul]»liate  of  potassa,  then  <lw* 
solving  it  in  hy(lroclilr»ric  acid,  ]»reeipitating  the  protoxide  of  (sM^ 
fioni  tlie  solution  with  ])otassa,  washing,  igniting  in  hydrogen,  wtsl** 
in;^  tii(^  metal  and  iinally  weighing. 

*  Zcitsohriftf.  analyt.  Chom.  1.  408. 

f  Silliin.  Junrn.  15.  275.  S(;liicl  speaks  only  of  the  separation  of  nurngsa** 
from  iron  (V)  and  nirk«'l ;  but  it  is  obvious  that  its  scivaration  from  tlumn*'* 
ziiioniMV  be  otretrti'd  by  the  Kfinic  method. 

I  Pogg.  Auiial.  72,  477.  J  .Vnnal.  d,  Chem.  u.  Phann.  96,  SIS- 
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10.  Method  based  on  the  different  beliavior  of  the  Phosphates. 

yiANOANESE   FROM   NiCKEL   AXD   COBALT. 

tfix  the  warm  solution  of  the  sulphates  or  chlorides  with  chloride  of  80 
monium  and  ammonia,  then  with  phosphoric  acid  (the  ammonia 
st  remain  still  in  large  excess).  The  wliite  precipitate  Ls  2  Mn  O, 
H4  O,  P  Oft  4-  2  H  O  (which  on  ignition  becomes  2  Mn  O,  P  i\),  the 
rate  contains  the  whole  of  the  nickel.  If  cobalt  is  present  the  preci- 
ite  must  be  dissolved  in  hydrochloric  acid  and  reprecipitated  with 
monia,  in  order  to  free  it  from  the  small  quantity  of  cobalt  which 
t  falls  down  with  it.  The  precipitate  becomes  crystalline  soon 
3r  falling,  it  is  to  be  washed  with  solution  of  chloride  of  ammo- 
m  containing  free  ammonia  (T.  H.  Henry*).  [See  also  §  109,  3.] 
rhe  test-analyses  are  satisfactory. 

11.  Methods  based  upon  the  different  deportment  unth  Cj/anide 

of  Potassium, 

I.  Alumina  from  Oxide  of  Zinc,  Protoxide  of  Cobalt,  and 
OToxiDE  OF  Nickel. 

iix  the  solution  vnth  carbonate  of  soda,  add  cyanide  of  potassium  81 
mfficient  quantity,  and  digest  in  the  cold,  until  the  precipitated 
►onates  of  zinc,  cobalt  and  nickel  are  redlssolved.  Filter  off  the 
issolved  alumina,  wash,  and  remove  the  alkali  which  it  contains, 
esolution  in  hydrochloric  acid  and  reprecipitation  by  ammonia 
ssenius  and  HaidlenI ). 

Protoxide  of  Nickel  from  Protoxide  of  Cobalt. 

tSBio^s  Method.  J — Mix  the  solution  of  the  two  oxides,  which  82 
^  be  free  from  other  oxides,  with  hydrocyanic  acid,  then  with  so- 
^x  of  potassa,  and  warm,  until  everything  is  dissolved.  (Cyanide 
Potassium,  free  from  cyanate,  may  be  used  instead  of  hydro- 
ic  acid  and  potassa.)  The  solution  looks  reddLsh-yellow ;  heat  to 
t:^  to  remove  the  free  hydrocyanic  acid.  By  this  process  the 
►Xe  cyanide  of  cobalt  and  jwtassium  (K  Cy,  Co  Cy)  in  the  solu- 

is  mostly  converted,  with  evolution  of  hydrogen,  into  cobalti- 
i-de  of  potassiiun  (K3  Co^  Cy,;)||  whilst  the  double  cyanide  of 
^1  and  potassium  in  the  solution  remains  unaltered.  Ijet  the 
•ion  cool,  then  supersaturate  with  chlorine,  and  constantly  redis- 
-  the  precii)itate  of  cyanide  of  nickel  wluch  forms,  by  addition 
>lution  of  soda  or  potassa.  The  chlorine  does  not  act  upon  the 
iticyanide  of  potassium,  but  it  decomposes  the  double  cyanide 
ickel  and  potassium,  and  throws  down  the  whole  of  the  nickel 
l^ck  peroxide.  [Tliis  must  be  washed,  dissolved,  and  reprecipi- 
l  to  separate  impurities.  It  is  safest  to  weigh  as  metallic  nickel.] 
^  determine  the  cobalt  in  the  filtrate,  supersaturate  with  acetic 
»  boil,  precipitate  the  boiling  solution  with  sulphate  of  copper, 
►  in  ebullition  for  some  time  longer,  then  filter  the  fluid  from  the 
ipitatod  cobalticyanide  of  copper  (Cu,  Co.^  Cyfi-f-  7  H  O)  ;  decom- 

the  latter  by  boiling  with  solution  of  potassa,  and  calculate  the 

^  r 

*  Phil.  Mag.  16,  No  106,  107.        f  Annal.  d  Chem.  n.  Pharm.  43,  129. 

tibid.  «5,  244,  and  87,  128. 
2  (Co  Cy.  K  Cy)  +  K  Cy  +  H  Cy  =  (K,  Co,  CyO  +5. 
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quantitj  of  the  cobalt  from  tliat  of  tbe  oxide  of  oofqper  obtemedL 
[Or  evaporate  to  dryness  with  excess  of  hydrochloric  acid,'  disMdw 
the  residue  in  water,  separate  the  cobalt  as  sulphide,  conTeri  into 
sulphate  and  oxide,  and  weigh  as  metallic  cobalt  The  best  method 
of  separating  a  little  nickel  from  much  cobalt.     (Oauhb.*)] 

c.  PROToxmx  OF  Nickel  from  Oxidx  of  Zixa 

Mix  the  concentrated  solution  of  both  oxides  with  an  exo«  ofSfl 
concentrated  pure  solution  of  potassa,  then  with  solution  of  hjitO' 
cyanic  acid  in  sufficient  quantity  to  redissolve  the  precipitate  oon- 
pletely ;  add  solution  of  monosulphide  of  poUunum^  allow  the  pn 
dpitated  sulphide  of  zinc  to  deposit  at  a  gentle  heat,  filter,  and  de> 
termine  the  nickel  in  the  filtrate  by  heating  for  some  time  with  lam- 
ing hydrochloric  acid  and  nitric  add,  or,  instead  of  the  latter,  chb* 
rate  of  potassa,  evaporating,  and  finally  predpitating  with  potBOS 

(WOHLERJ). 

12.    Vciumetric  DeterminoHon  of  one  of  ih$  Osoida* 

a.  Sesquioxidb  of  Iron  from  ALUxnrA. 

Predpitate  both  oxides  with  ammonia  (§  105,  a^  and  §  113,  1)<84 
Dissolve  the  weighed  residue,  or  an  aliquot  part  of  it,  bj  digmoa 
with  concentrated  hydrochloric  add,  or  by  fusion  with  biso^mste  of 
potassa  [or  better,  carbonate  of  soda],  and  treatment  with  water  oob- 
taining  ffiilphurio  add ;  and  determine  the  iron  volumetarically  asdireo- 
ted  §  113,  3,  a,  or  h.  When  hydroddoric  add  is  uaed  todimoHe 
the  oxides,  the  solution  should  be  evaporated  with  exoees  of  ^ 
phuric  add,  to  remove  the  hydrochloric  acid,  in  case  permaDgsnateis 
employed  for  estimating  the  iron.  The  alumina  is  found  m>m  the 
difierence.  This  is  an  excellent  method,  and  to  be  recommended 
more  particularly  in  cases  where  the  relative  amount  of  iron  is  8in*U« 
If  you  have  enough  substance  it  is  of  course  much  more  convenien* 
to  divide  the  solution,  by  weighing  or  measuring,  into  two  equal  po^ 
tions,  and  determine  in  the  one  the  sesquioxide  of  iron  +  alumin^ 
in  the  other  the  iron.  Instead  of  estimating  the  iron  by  volumet^ 
analysis,  you  may  also  precipitate  it,  after  addition  of  tartaric  acid 
and  ammonia,  with  sulphide  of  ammonium. 

h,  Sesquioxide  op  Iron  from  Protoxide  op  Iron  (Oxn)«  or 
Zinc,  Protoxide  op  Nickel). 

Determine  in  a  portion  of  the  substance  the  total  amotmt  of  the  80 
iron  as  sesquioxide,  or  by  the  volumetric  way.  Dissolve  another  po^ 
tion  by  warming  with  sulphuric  acid  in  a  flask  through  which  J*^ 
bonic  acid  is  conducted,  to  exclude  the  air;  dilute  the  solution* 
and  determine  the  protoxide  of  iron  volumetrically  (§112, 2,  a).  The 
difference  gives  the  quantity  of  the  sesquioxide.  Or,  dissolve  ^ 
compound  in  like  manner  in  hydrochloric  acid,  and  determiBfi  ^ 
sesquichlorido  of  iron  with  hyposulpliite  of  soda,  according  to  §  11?> 
3,  h.  In  this  case  the  diiTercnce  gives  the  protoxide  of  iron.  ^  y 
is  desired  to  determine  the  protochloride  of  iron  in  the  hydrochlon* 
acid  solution  with  permanganate,  the  remarks  on  p.  198  mustbe  boni» 

■  — I ""' 

♦  Pres.  Zeitsohrift,  v.  83.  \  AnnaL  d.  Chem.  a.  Fhaim.  80,  ST* 
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id.  These  convenient  and  Bimple  methods  deserve  to  replace  the 
and  more  complicated  methods  of  del^tmining  protoxide  of  iron 
senee  of  sesquioxide.  If  the  compound  in  which  sesqui-  and 
xide  of  iron  are  to  be  estimated  is  only  with  difficulty  (iecom- 

by  ftcida,  heat  it  with  a  mixture  of  4  ]iarts  Buli»hinic  acid  and 
rt  water  in  a  sealed  tube  at  210°  (MiTacUEnLi<;H,  Jour.  £. 
.Chem.,  8i,108,aud83,4.')r)),or,ifthi8ianotenougli,fusoitwith 
.  (1  part  mineral,  6—6  vitrified  borax)  in  a  small  retort,  con- 
i  with  d  flask  coutainiug  nitrogen  (produced  by  combustion  of 
ihoruB  in  air) ;  an  atmosphere  of  carbonic  acid  is  leas  auitabla 
rate  the  fused  mass,  and  dissolve  in  boiling  hydrochloric  acid, 

atmosphere  of  cartrauic  acid  (Hebhank  ;  v.  Kobell). 


Kj.  «7. 


OOKE*  dissolves  silicates  in  a  mixture  of  sulphuric  and  hydro- 
c  acids  in  an  atmosphere  of  Bt«am  and  carbonic  acid,  and  mea- 

the  protoxide  of  irun  bj  means  of  permanganate  of  potasiu. 
;,  67  exhibits  his  apparatus.  To  the  sides  of  a  copper  water- 
are  attached  thi'ee  tubes.  The  tube  on  the  left  connects  wiHi  a 
Jtte's  flnak  to  maintain  the  water  at  a  constant  level.  The  upper 
On  the  right  connects  with  a  carboAc  acid  gas  generator,  while 
lird  tulx!  carries  off  any  overflow  of  water  to  the  sink. 

the  cover  of  the  water-bath  close  to  the  rim  is  a  circular 
e,  which  receives  tlio  edge  of  an  inverted  glass  tunnel.  When 
iparatus  is  in  use  this  grtuve  is  kept  full  of  water  b;  the  spray 
tie  boiling  liijuid  and  thus  forms  a  perfect  water  joint;  but  in 

to  secure  this  result  the  bath  must  be  kept  nearly  full  of  water 
oles  for  the  reudy  escajie  of  the  steam  and  spray  should  be  pro- 

in  the  rings,  which  cover  the  bath  and  adapt  it  for  vessels  of 
3B  sizes.  By  tliis  arrangement  the  fumiel  may  be  kept  filled  with 
uosphcre  of  st^'Am  or  of  carbonic  acid  for  an  indefinite  period, 
aver  we  can  either  pour  in  fresh  quantities  of  solvent,  or  we 
or  up  the  material,  in  the  vessel  within,  introducing  a  tube-fun- 
■  stirrer  through  tlio  spout  of  the  coveiing  funneL 

[•  Am.  Jont.  Boienoe,  2d  sex.,  zliv.,  847.] 
24 
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T}i«;  llni'ly  pulverLseJ  siiL&taii«.-e  y^  -1  gnu.)  is  placed  in  a  luge 
I'l.iiiiiiirii  criK-ible.     V|hixi  it  {.loiir  a  mixture  of  cUlute  sulphiiiic  add 
(.-ji.  fpr.  l'.'))  with  as  little  hytirotiuoiic  acid  as  experience  may  show 
i'^  n-ijiiin-d   to  disstJve  «»r  tltjcijuipose  the  substance,  stirring  up  the 
11  lilt  I -rial  M'iih  a  platinum  sjatula.     The  criK-iVJe  is  next  transfernd 
•  t'  the  \vat»T-bath,  the  coveiii.jz  funnel  put  in  pla^-e,  water  jMjured  into 
i/j  •  jrroovc,  the  interior  tilled  with  carbonic  acid,  and  the  lamp  hghted. 
As  s'Kin  as  tho  watvr  buiis,  tin*  tujiply  of  carbomc  acid  is  stopjini. 
iiiid  if  tlie  water  h-vel  has  be«*n  j»ro|^rly  adjustt*d,  the  ap]i£init\i5  will 
T;:kf  care  of  it^lf,  the  jrroove  will  be  kept  full  of  water  and  thiiiitrr- 
i'  r  of  ih*'  fuiiinl  full  uf  steam.     If  the  muterials  cake  on  the  lH>tt<  m  of 
lii'f  eru<.ibl..', — its  is  ui>t  uufrequently  the  case  when  a  large  aniouLtof 
iii-oliible  sulphat<.'  is  fiuined, — the  lamji  maybe  rcniovtd,  the  a};j»aia- 
fi  -  HL'aiii  lilkd  with  carbonic  acid,  aud  the  contents   of  the  crucible 
-.■'rr«-i  up  by  aid  of  a  stout  platinum  win?  altnut    two  inches  loii^ 
f-    "I I  to  the  end  of  a  jltImss  tube.     Anything  adhering  to  the  rod  caL 
!■:    ily  be  waslied  back  into  the  crucible  hy  dii-ecting  the  jet  fn^ni  the 
\Misli  bf>tth*  <li;wn  the  throat  of  the  covering  funnel.     The  lam])Dj:ir 
tli«  ri  be  replaced,  the  current  of  carbonic  J«cid  intemii»ti^l,  aiiJtiie 
process  of  digesticm  continued.    When  the  decomposition  is  ci^iii|»Ie8f 
th"  current  <»f  carbonic  acid  gas  is  re-establishetl.  the  lamp  extinguiijk(i 
aufl  tlie  air-tube  of  th«^  Mariotte's  flask  raised  until  its  lower  tudif 
above  the  level  f^f  the  overflow.     A  slow  cun*ent   of  water  is  thm 
("iused  to  How  through  the  bath,  which  soon  cools  down  thevhofe 
appanitus.     The  crucible  may  now  be  removed,  its  contents  wasW 
into  a  beitker  glass,  and  the  solution  diluted  with  pure  water  nntil  t&e 
volume  is  about  ilOO  c  c,  when  the  amount  of  protoxide  of  ir« 
pi'sent  can  Ix;  fletermincKl  with  a  solution  of  permanganate  of  pota* 
ill  the  usual  way.     The  total  amount  of  iron   pres«?nt  being  sahst 
<ji!i*ii(ly  di'teniiin(Mb  the  relative  proportion  of  the  two  oxides  is  w 
eom*s(»  Well  known.  J 

Iron  may  also  be  determined  volumetiically  in  pivseuce  of  oxule 
of  zinc,  T)roto\i(le  (»f  nickel  ttc.  It  is,  indeed,  often  the  better wf. 
i::..tea«l  of  eflVM'ting  th(i  actual  sepnratic»n  of  the  oxides,  to  deteinuK 
ill  one  j>ortion  of  the  solution  the  scsquioxide  of  iron  +  oxide  w 
zinc  or  4-  protoxide;  of  nickel,  in  another  portion  the  iron  alone,  JM 
to  tiii<l  the  (ju:in1ity  of  the  other  UH-lal  by  the  ditfereiice.  Howver, 
tills  ean  be  dune  only  in  cases  A^Jiere  the  quantity  of  ii*ou  is  n-lativelt 
>:iiall. 

IV.  Separation  of  Ses«ji'Ioxii)E  of  Iuox,  Ali:mixa,  PkotoiideOF 
Man(janese,  I^ime,  M  AON  ESI  a,  Pot  ass  a,  and  Soda. 

§  Kil. 

As  th(»se  oxides  ore  found  together  in  the  analysis  of  most  sili«tA 
and  nlso  in  many  other  cases,  I  devote  a  distinct  paragra]th  to  tw 
descri[)tion  of  the  methods  which  are  em])loyed  to  eflfect  their  k(* 
ration. 

1.  J^ft'fho'J  hnxt',1  upon  the  innphn/ment  of  Carbonate  of  B(tT^ 
(pjirtioularly  ap[)lica.ble  in  cases  where  the  mixture  conl*i* 
(nily  a  small  proportion  of  lime). 
Precipitate  th(,'  ii'on — which  must  be  present  in  the  fonnof  «*"' 
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de — and  the  alumina  by  carbonate  of  baryta,*  and,  after  ro- 
g  the  baryta,  separate  the  two  metals,  by  one  of  the  methods 
in  §  160.  Precipitate  the  manganese  from  the  filtrate,  either 
low  sulphide  of  ammonium  (55)  or,  after  addition  of  a  little 
chloric  acid  and  saturation  with  chlorine,  by  carbonate  of  baryta 
If  you  have  used  sulphide  of  ammonium,  which  I  generally 
,  dLssolve  the  precipitated  sulphide  of  manganese  in  hydrochloric 
iiix  the  solution  with  some  sulphuric  acid,  filter,  and  determine 
uiganese  as  directed  §  109,  2  or  3.  If  you  have  used  cai-bon- 
baryta  as  precipitant,  separate  the  manganese  as  directed 
Precipitate  the  dilute  solution  now  with  sulphuric  acid,  filter, 
ftsh  the  precipitate  until  the  water  running  off  is  no  longer  ren- 
turbid  by  chloride  of  barium ;  then  precipitate  the  lime  after 
m  of  ammonia  with  oxalate  of  ammonia.  Filter,  evaporate 
trate  to  dryness,  ignite  the  residue,  and  separate  the  magnesia 
he  alkalies  by  one  of  the  methods  given  in  §  153. 

Application  of  Alkaline  Acetates  or  jFhrmiates. 

lOve  from  the  solution,  by  evaporation,  any  very  considerable  87 
of  acid  which  may  be  present,  then  dilute  again  with  water, 
irbonate  of  soda,  f  until  the  fluid  is  nearly  neutral  (no  per- 
t  precipitate  must  be  formed),  then  acetate  or  formiate  of 
ind  proceed  as  in  §  113,  1,  cZ  (p.  202).  Wash  the  precipitate 
ry,  ignite,  and  weigh.  Dissolve  in  concentrated  hydrochloric 
nd  determine  the  iron  volu metrically,  according  to  §  113,  3,  6 
J),  or  fuse  with  carbonate  of  soda,  dissolve  in  dilute  sulphuric 
ad  determine  the  iron  as  in  §  1 13,  3,  a  (p.  203).  Tlie  difference 
he  quantity  of  the  alumina.  If  any  silicic  acid  remains  be- 
n  dissolving  the  precipitate,  it  is  to  be  collected  on  a  filter,  ig- 
weighed,  and  deducted  from  the  alumina.  The  filtrate  contains 
inganese,  the  alkaline  earths,  and  the  alkalies.  Precipitate  the 
nese  with  sulphide  of  ammonium  (65)  or  bromine  (59-61) — 
former  precipitant  is  employed,  boil  with  hydrochloric  acid  and 
►ff  the  sulphur — precipitate  the  lime,  after  addition  of  ammo- 
Lth  oxalate  of  ammonia,  and  lastly,  after  removing  the  ammo- 
ts  by  ignition,  precipitate  the  magnesia  from  the  hydrochloric 
►lution  of  the  residue  with  phosphate  of  soda.  However,  if  it 
Qided  to  estimate  the  alkalies,  the  magnesia  must  be  separated 
of  the  processes  in  §  153,  4.  This  method  is  convenient,  and 
^ood  results. 

following  methods  are  particularly  suitable  in  cases  where  no 
nese  is  present. 

Application  of  Ammonia. 

solution  must  contain  all  the  iron  in  the  state  of  sesquioxide.  88 
relatively  large  quantity  of  chloride  of  ammonium,  and — ob- 
l  the  precautions  indicated  in  68 — precipitate  with  ammonia. 


'ore  adding  the  carbonate  of  baryta,  it  is  absolutd'f  indispen$al>U  to 

icther  a  solution  of  it  in  hydrochloric  acid  is  completely  precipitated  by 

ic  acid,  so  that  the  filtrate  leaves  no  residue  upon  evaporation  in  a  plati- 

sh. 

yases  vrhere  it  is  intended  to  estimate  tbe  alkalies  in  the  filtrate,  carbonate 

rtate  of  ammonia  must  be  used  instead  of  the  soda  salts. 
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The  precipitate  contains  the  whole  of  the  iron  and  almost  the  wUk 
of  the  alumina  (a  very  uduute  quantity  of  the  latter  often  remaini 
in  «M>lution),  also  a  trace  of  magnesia.  Decant  and  filter;  irash,igiii^ 
and  weigh  the  precipitate,  and  treat  according  to  one  of  the  methods  in 
§  1 00.  If  siiioio  acid  remains  imdissolved,  it  is  to  be  detenninedaad 
deducted.  If  there  is  a  large  excess  of  alumina  or  magneBia,iBixthe 
hydrochloric  add  or  sulphuric  acid  solution  with  pure  potaasa  inexoeai^ 
heat,  filter,  and  in  the  pi*ecipitate  separate  the  seaquiozide  of  iron  tcm 
aiiv  traces  of  magnesia  that  may  be  present  according  to  68»  ik  The  so- 
lution filtered  from  the  alumina  and  sesquioxide  of  iron  is  mixed  with 
hydrochloric  acid  and  concentrated  by  evaporation,  the  mangwww  i> 
precipitated  and  determined  according  to  §  109, 2,  as  sulphide,  the  alk** 
line  earths  and  alkalies  in  the  filtrate  are  estimated  according  to  87* 
The  weighed  sulphide  of  manganese  is  digested  with  hydroehkitf 
acid,  any  residue  that  may  remain  fused  with  bbulphate  of  potMN» 
and  the  mixed  solutions  tested  according  to  66>  to  see  if  they  eoa* 
tain  alumina. 

4.  DecomposiHan  of  the  Nitrates  (Deyilli's  method^. 

This  method  presupposes  that  the  bases  are  combined  wUh  idtiiett 
acid  only. 

Proceed  first  as  in  88-  The  escape  jof  nitrous  acid  fumes,  obeeited 
during  the  heating  of  the  nitrates,  is  no  proof  of  the  total  deoompo- 
sition  of  the  nitrates  of  sesquioxide  of  iron  and  alumina,  as  fbeiB 
yapors  may  owe  their  formation  to  the  conversion  of  the  nitntsof 
protoxide  of  manganese  into  binoxide.  Stop  the  application  of  ^ 
when  no  more  vapors  are  evolved,  and  the  substance  has  acquired  s 
uniform  black  color.  After  the  treatment  with  nitrate  of  ammoDUy 
the  solution  contains  nitrates  of  lime,  magnesia,  and  the  alkalies,  the 
residue  contains  alumina,  sesquioxide  of  iron  and  binoxide  of  vo^ 
ganese.  (Tliat  some  manganese  is  dissolved,  under  certain  drcuitt" 
stances,  has  been  stated  already  in  62 ;  this  trace  is  found  with  the 
magnesia,  and  finally  separated  from  the  latter.) 

Deville  reconmiends  the  following  methods  to  efi^ect  the  further 
separation  of  the  bases: — 

a.  Heat  the  residue  with  moderately  strong  nitric  acid,  untO  the 
alumina  and  sesquioxide  of  iron  are  dissolved,  leaving  the  residusry 
binoxide  of  manganese  of  a  pure  black  color.  Ignite  the  residiie)  «nd 
weigh  the  protosesquioxide  of  manganese  formed.  Evaporate  the 
solution  in  a  ^»latinum  crucible,  ignite,  and  weigh  the  mixture  of  se^ 
qnioxide  of  iron  and  alumina,  which  may  possibly  also  contain  soi»« 
protosesquioxide  of  manganese.  Treat  a  portion  of  it  by  the  method 
described  in  76  5  this  gives  the  alumina.  If  manganese  was  presentj 
the  iron  cannot  be  estimated  by  difference.  Deville  therefoie  etsr 
porates  the  solution  of  the  protochlorides  (75)f  with  sulphuTJ^ 
acid,  ignites  gently,  and  treats  the  residue,  which  consists  ci  ^ 
quioxide  of  iron  and  some  8ul])hate  of  protoxide  of  manganese, ^^ 
water  to  dissolve  the  latter.  (Should  the  heat  applied  have  been*** 
strong,  which  might  possibly  lead  to  the  decomposition  also  of  sulph^ 
of  protoxide  of  manganese,  the  residue  is  moistened  with  a  mix**'* 
of  oxalic  acid  and  nitric  acid,  some  sulphuric  acid  added,  and  the 
process  repeated.)  . 

h.  From  the  jfUtrcUe^  precipitate  first   the    lime    by  oxalate  ^ 
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[lia,  then  separate  the  magnesia  from  the  alkalies  as  directed 
4. 
i  method  is  particiilarly  suitable  in  the  absence  of  manganese. 

.  Method  which  combines  3  arid  4. 

jipitate  with  ammonia  (87)>  decant,  filter,  wash,  remove  the  90 
alf-moist  precipitate,  as  far  as  practicable,  from  the  filter,  dis- 
the  rest  in  nitric  acid,  ti*ansfer  this  to  the  dish,  to  effect  also 
lution  of  the  bulk  of  the  precipitate ;  proceed  as  in  89>  and 
le  fluid,  separated  from  the  sesqiiioxide  of  iron  and  alumina^ 
ill  containing  small  quantities  of  magnesia,  to  the  principal 
{.  This  method  is  often  employed  with  the  best  success  in 
moratory,  in  absence  of  manganese;  the  determination  of  the 
la  being  effected  by  estimating  the  total  amount  of  ses- 
de  of  ii'on  and  alumina,  then  the  sesquioxide  of  iron  volumet- 

(87). 

Supplement  to  the  Fourth  Group, 

To  §§  158,  159,  160. 

JRATION  OP   Sesquioxide   of  Uranium  from   the   other 

Oxides  op  Groups  I. — IV. 

as  already  been  stated,  in  §  114,  that  sesquioxide  of  uranium  91 
J  be  completely  separated  from  the  alkalies  by  means  of  am- 
,  as  the  precipitated  ammonio-sesquioxide  of  uranium  is  likely 
itain  also  fixed  alkalies.  This  precipitate  should  therefore  be 
red  in  hydrochloric  acid,  the  solution  evaporated  in  the 
am  crucible,  the  residue  gently  ignited  in  a  current  of  hydro- 
8  (see  fig.  47,  p.  181),  the  chlorides  of  the  alkali  metals  ex- 
1  with  water,  and  the  protoxide  of  uranium  ignited  in  hydro- 
i  order  to  its  being  weighed  as  such,  or  in  the  air,  whereby  it 
.^erted  into  protosesquioxide.  Instead  of  dissolving  the  pre- 
e  in  hydrochloric  acid  and  treating  the  solution  as  directed, 
Biy  heat  the  precipitate  cautiously*  with  chloride  of  ammonium, 
eat  the  residue  with  water  (H.  Rose). 

m  bari/tn,  sesquioxide  of  uranium  may  be  separated  by 
iric  acid,  from  strontia  and  lijtie^  by  sulphuric  acid  and  alco- 
Ammonia  fails  to  effect  complete  separation  of  sesquioxide  of 
im  from  the  alkaline  earths,  the  uranium  precipitate  always 
aing  not  inconsiderable  quantities  of  the  earths.  In  such 
itates,  however,  the  uranixim  and  the  alkaline  earth  may  like- 
)e  separated  by  gentle  ignition  with  chloride  of  ammonium 
eatment  of  the  residue  with  water. 

niura  may  be  precipitated  from  a  solution  containing  alkalies  92 
kaline  eartlis  also  by  sulphide  of  ammonium.  It  must  here  be 
in  mind  that  the  solution  must  contain  a  sufficiency  of  chloride 
monium  and  free  ammonia,  that  the  precipitate  must  not  be 
i  off  till  after  long  standing  (24 — 48  hours)  in  the  closed  flask. 
At  no  alkaline  carbonate  may  be  present.  The  sulphide  of  am- 
m  should  be  colorless,  or  slightly  yellow,  and  a  large  excess 

ong  ignition  would  occasion  the  volatilization  of  chloride  of  nmninin. 
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Hliould  be  aroided.  Tlie  color  of  the  precipitate  varies,  being  some- 
times dirty  yellow,  sometimes  brown,  reddish-brown,  or  black,  kc- 
cording  to  the  proportions  of  chloride  of  ammonium,  ammonia,  and 
sulphide  of  ammonium,  for  it  is  not  the  sulphide  corresponding  to  the 
sesquioxide,  but  consists  of  uranium,  oxygen,  ammonium,  sulphnr 
and  water  (Patera).  Wash  the  precipitate  with  water  containing 
sulpliide  of  ammonium,  dry,  roast  it  for  some  time,  ignite  strongly  in 
an  atmosphere  of  hydrogen,  allow  to  cool  in  a  rapid  stream  of  the 
same  gas,  and  weigh  the  residual  protoxide  of  uranium  (H.  Rose).  If 
the  quantity  of  the  alkalies  or  alkaline  eartlis  that  are  to  be  separated 
from  the  uranium  is  large,  iu  order  to  eflect  complete  separation,  re- 
dissolve  the  washed  precipitate  in  hydrochloric  acid,  and  repeat  the 
precmitation  with  sulphide  of  ammonium. 

Muf/nesia  may  also  be  separated  from  sesquioxide  of  uranium  by}! 
ammonia.  Add  enough  chloride  of  ammonium  to  the  solution,  hett 
to  boiling,  supersaturate  with  ammonia,  continue  boiling,  till  the 
odor  of  ammonia  is  but  slight,  filter  the  hot  fluid,  and  wash  the  pre- 
cipitate, which  is  free  from  magnesia,  with  hot  water  containing  am- 
monia (H.  Rose). 

Alumina  is  best  separated  from  sesquioxide  of  uranium  by  mixing 
the  somewhat  acid  fluid  with  carbonate  of  ammonia  in  excess.  Hw 
sesquioxide  of  uranium  passes  completely  into  solution,  while  the 
alumina  remains  absolutely  undissolved.  Filter,  evaporate,  add  hj- 
drochloric  acid  to  resolution  of  the  precipitate  producied,  heat  till  all 
the  carbonic  acid  is  expelled,  and  precipitate  with  ammonia  (§  lUl 

The  separation  of  uranium  from  the  metals  of  the  fovrth  grwfn 
may  be  based  simply  on  the  fact  that  carbonate  of  ammonia  preTcnti 
tho  precipitation  of  uranium  but  not  that  of  the  other  metals  by  wl- 
l)hide  of  ammonium.  Mix  the  solution  with  a  mixture  of  carbonite 
of  ammonia  and  sulphide  of  ammonium,  allow  to  subside  in  a  closed 
flask  and  wash  the  precipitate  with  water  containing  carbonate  of 
ammonia  and  sulphide  of  anmi(mium.  Supei*satui^te  the  filtrate  cau- 
tiously with  hydrochloric  acid,  heat  with  addition  of  nitric  acid,  to 
convert  the  proto-  into  sesquioxide  of  uranium  and  precipitate™ 
ammonia  (II.  Rose  *). 

Srsqii'wxide  nf  iron  may  be  also  separated  from  sesquioxide  of  ffl*" 
niuin  by  means  of  an  excess  of  carbonate  of  anmionia.  The  smaD 
quantity  of  iron  which  j)assos  with  the  uranium  into  solution,  is  p* 
cipitatod  with  sulphide  of  ammonium,  before  the  uranium  is  thro^ 
down  (TiSANr  f). 

From  protoxi'fps  of  nichel^  cohalf,  and  mayif/anese,  oxide  ofzincoA 
nm(f)n\s}a^  the  sesquioxide  of  uranium  may  also  be  separated  by  ca^ 
l»onati>  of  baryta.  The  Uuid,  which  should  contain  a  little  free  add, 
is  mixed  Avitli  the  precipitant  in  excess,  and  allowed  to  stand  intw 
cold  for  24^  hours  with  frequtmt  shaking  (64). 

♦  Z«ltechrif t  f.  analyt.  Chem.  1,  412.  \  Compt.  xend.  52, 101 
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FIFTH  GROUP. 

IDE  OF  SILVER — SUBOXIDE  OF  MERCURY — OXIDE  OF  MERCURY — OXIDE 

OF    LEAD TEROXIDE    OF    BISMUTH OXIDE    OF    COPPER OXIDE    OF 

CADMIUM. 

Separation  of  the  Oxides  of  the  Fifth  Group  from  those  of 

THE  first  Four  Groups. 

§  162. 

Index  : — The  Nos.  refer  to  those  in  the  margin. 

Oxide  of  filter  from  the  oxides  of  Groups  I. — IV.,  95,  96. 

Oxide  and  suboxide  of  mercury  from  the  oxides  of  Groups  L  — IV.  ,123,97. 

Oxide  of  lead  from  the  oxides  of  Groups  I. — IV.,  95,  93. 

Teroxide  of  bismuth  from  the  oxides  of  Groups  I. — IV.,  95,  96. 

Oxide  of  copper  from  the  oxides  of  Groups  L—IV.,  95,  99,  100. 

**     oxide  of  zinc,  101. 
Oxide  of  cadmium  from  the  oxides  of  Groups  I.— IV.,  95. 
**  *'     oxide  of  zinc,  103. 

A.    General  Method. 
LJi  the  Oxides  of  the  Fifth  Oroup  from  those  of  the  first 

Four  Groups. 

jPrinciple  :  SyJphnretted  ITi/drogen  precipitates  frwn  Add  Solu- 
ns  the  Metals  of  the  JF\fth  Group^  but  not  tJiose  of  tlie  first  Fowr 
"oups. 

rhe  following  points  require  especial  attention  in  the  execution  of  95 
» process : — 

u  To  effect  the  separation  of  the  oxides  of  the  fifth  group  from 
Be  of  the  first  three  groups,  by  means  of  sulphuretted  hydrogen,  it 
ecessary  simply  that  the  reaction  of  the  solution  should  be  acid, 
xiAture  of  the  acid  to  which  the  reaction  is  due  being  of  no  con- 
lenoe.  But,  to  effect  the  separation  of  the  oxides  of  the  fifth 
i^j>  from  those  of  the  fourth,  the  presence  of  a  free  mineral  acid 
^dispensable ;  otherwise,  zinc  and,  under  certain  circumstances, 

oobalt  and  nickel  may  be  coprecipitated. 
»  But  even  the  addition  of  hydrochloric  acid  to  the  fluid  will  not 
^ys  entirely  prevent  the  coprecipitation  of  the  zinc.  RivoT  and 
•"^UET*  declare  a  complete  separation  of  copper  from  zinc  by  means 
dJ^phuretted  hydrogen,  altogether  impracticable.  CALVERTf  states 
•  ie  has  arrived  at  the  same  conclusion.  On  the  other  hand, 
^OATisJ  concurs  with  H.  Rose  in  maintaining  that  complete  sep- 
ion  of  copper  from  zinc  may  be  eflected  by  means  of  sulphuretted 
*^gen,  in  presence  of  a  sufficient  quantity  of  free  acid. 
c^  this  conflict  of  opinions,  I  thought  it  necessary  to  subject  this 
ll-od  once  more  to  a  searching  investigation.    I  therefore  instructed 

of  the  students  in  my  laboratory,  Mr,  Grundmann,  to  make  a 
^B  of  experiments  in  the  matter,  with  a  view  to  settling  the  question.  || 
-He  results  obtained  proved  incontestably  that  copper  may  be 
^J>letely  separated  from  zinc  by  sulphuretted  hydrogen,  if  the  fol- 
*Xig  instructions  are  strictly  complied  with  : — 
^<id  to  the  copj)er  and  zinc  solution  a  copious  amount  of  hydro- 
^i4c  acid  (e,  g.,  to  0*2  grm.  of  oxide  of  copper  in  25  c.  c.  of  solu- 
^  10  c.  c.  of  hydrochloric  acid  of  I'l  sp.  gr.),  conduct  into  the  fluid 

*  Annal.  d.  Chem.  a.  Pharm.  80,  864. 
^fium.  f.  prakt.  Chem.  71,  155.  t  Ibid.  68,  861.  |  Ibid.  73,  241. 
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-■    : !.     ■••••]  I'.vir  r-r.  i*.:  j-'v  ::.  ex«^?v».  f*:^r  }:«--f.  r??  The  ex>^^  'i 
.:  .,  ;i-  •••  !  '.-■.  ■::■  j'-r.  ri:i-  i'.i'i  •:::.-•  "i-'-v-aTr  or  t«—>"»rri'="  •>- >i..:'"-r7i, 
:.  V.:*!.  ■  ..:  :  ■:!■■-••-•  .',v  ir. ■.•-:.  "w.-rr.  *lr\\  r>a.*t,  r'=*»i:s-:  'v-  ::.  u 

i  .       -J"!!.     Tlii-  -»- ■  !.•!  i.rT'.-ij'i'.a:'.-  is  frr-e  from  zinc:  ii  i>  tr-i-.:Td&s 
I .  • ..  i!i..5j:ii  i-  ]'i- I.-,  ii  T  •-rri-  n  •■!*  tljis  metAl  i.s  likvlv  r.o  r-i::";:!;  in 

I     \.  •"i-i-T-.r-  u' -•..trv.  ill  tliut  o:i>'-,  atT^-r  ooii'Iuo*!;:^  rli-r  s'-]t1'::> 

li  '.ji.  -..r-.t..!  uhtii  :i«.  I;."!-'.-  s'.iij'l.iti'.;  of  oailiiiium  pivoij»ita».  ar.i 
*.:   I    f  '  |M"ii-.«l  a^  f'lr  til'-  s»parati>  Ii  t«f  cipjier.      Tli»='  tt^juira'i-.:. '.I 

•  •.'iiiiii;-.  tV-.];:  zij:-*  ii'ijiiiiv<  a »;•■'• -r.Hnjly  jil>'»  a  '.ImzM-  j'lvoipi'.tvjt 
V.  i:li  sitipli'irt-TT.-il  livili'.r-j.-ii.  if  till?  •  inanritv  r»f  zino  i^  in  a:. v  vest 
<■'..  >ii|«'i.il.N'.  ]I«»w»'V.-i-.  virli  |'ri«]»er  att#'iiti«>n  to  tli*:'  ii.strui.'!i'.'Ls 
),i  1-..  i/ivi  n,  til*-  iii«;Tli<Ml  i:ivi-;  if-rf-cllv  siiti^faoti "vv  results. 

;. .  lln'  o'li!  r  iii»'tal:>  ««f  tliL*  fif»li  p<^ip  c«»inj»on  themsrlves  in  tks 
p-ju-cr  siiiiilarly  t«.»  ra<I]iiiiiiii.  /.  -f..  th**y  ari.*  in  it  coii:j»l»"t»4y  j'r-^^ii- 
taS'i]  liv  siiljiliuri'tti-rl  livfiii  ;:i:ii  in  j.iTy»once  of  toouiiiih  fivf  aiiii  ii 
a  '•'iiiri'iitratiMl  sohitinn.  Li  jul  rf'«jiiirts  tlie  l»•a^t  anion  nt  if  firf  ij'i<i 
t't  In-  iit:iiiH-,l  ill  sr»luti(^n  :  tln-n  folj.iw  in  order  of  sl»cce^M'.'li.  <"iJdiJ' 
niii,  ni»nurv,  l>i>innr1i,  rnj,j,i.i-^  siiv(-r  (M.  Martin*).  The  >']-a.T- 
ti'iii  f.f  \]i,'<i>  iiu'tals  frniii  zinc  innsr.  tlifn.'fi"»re.  if  nt-i'vsy'arv.  i»? 
irlii  •ti-'l  liv  tin'  saiiMr  |»roi;i'>s  as  that  i»f  cailiiiinm  froiu  zinc*  {i.  tk'  •--J'- 

'/,  If  livdrnchl'H'ii*  ari'l  |iruilur*'s  no  ]»rfii{dtate  in  the  Fohi:i"S. i^ 
i.-s  pit  }'.rrril  as  acidifvinjr  a;jrfnt;  in  th<'  contrary  case.  Mil]ihnrio4cia 
oi  hitrii-  acid  must  hf  nscd.  In  tlie  l:?ttcr  ease  th'.'  tluiii  n:i!Si  w 
tiifli.T  laTirtly  dihitcfl.  Klkjt  and  Stokkk*  arrived  jit  tin*  N'»nif 
"I"  !ii:-ioii  a-^  iiurxl  SI'S,  and  sliowrd  that  tlic  cause  of  (.'ALvriiT  > 'ii"^*" 
vi-r.  Iili-  li'^ulis  Was  th<'  t<M»  lari^f  dilution  r»f  his  M.»lnii"ns.  FrW 
|ii".i!if  thi'  |ir«ri|»itatii>n  (d'  zinc  y(.»n  have  ni)t  uicivly  to  pn-s^rrfJ 
•'I  I.I  in  prnjmrt  inn  iH-rwcrii  tlic  zinc  and  the  free  acid,  hut  aN'So^r- 
f;iiii  di-_:r«-<'  of  dilution.  Allh(»Ui{h  F  a'Tci'  wiili  the  ahovr-r;:ii;:w 
!•!.'■:  li.'i.s  in  tin*  opinion  that  it  is  possihlc  lo  pn.>dnctt  a  OMii'lin 'n '^ 
I'l-'  lliiid.  uM<lcr  Nvhirh  one  pn-cijdtation  will  ctfect  complete  .r.|';U^ 
h'Mi,  s;i!l  it  aj)pcars  to  me  liettcr,  for  ]>ractical  jun-pnscs,  to  I'l"""-*!'^* 
(:!ii-  twic  '.  as  this  is  sui'c  to  lead  to  the  tlcsircd  result. 

c.  L'MiL'  •  \p«Tien<-c  in  llie  si-paralion  (»f  copper  from  nickel  (M.'i^**^ 
h=!.  )  h:.>  |im1  ine  to  thei'piiiion  that  a  donhle  precipitati«tn  is  ku:i«v^ 
K.ir».  1 1'th'-  -oinf  ion  whirh  is  t(.  he  trr^att-d  with  stdiihurcttctlliyutiV'' 
conlains 'iKHrjh  iVi-i"  liv«lroehliiiic  acid  and  not  t«>o  much  w:i!«'r.f«* 
roppi-i'  ialN  <lo\N  n  :di.-.olntely  {'vt'c  from  nickel,  while,  on  the  otluru:''"' 
if  (h"  t|nanl  ily  of  fi-ee  acid  is  not  loo  hirgc,  the  liltratewill  boqviiwfR* 
from  iMippei*. 

SiNfM.K  OxtPKs  OF  Tin:    Fifth  Cuorp  from    Sixgle  ob  Mi^ 

*  'MDKS   OF   TMF.    I'^IitST    K(U:ii    (iRorrs. 

1.  SiLVKit  is  most  simply  and  com]detely  separated  from  tlifOXil'^"" 

f  On  til''   Iiiipuriti''s  (>f  CniiimcnMal   Zinc.  Ac. — Memoirs  of  tbe  Ac^"* 
Aijulriay  (  f  .\rt«<  ;iii<l  Scii'iv  «"^.     Xew  «crie?.     Vol.  viii. 
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:  FinsT  POUR  GROUPS  by  means  of  hydrochloric  add.  The  hy- 
3ric  acid  must  not  be  used  too  largely  in  excess,  and  the  fluid 
»o  sufficiently  dilute ;  otherwise  a  portion  of  the  silver  will  re- 
a  solution.  Care  must  be  taken  also  not  to  omit  the  addition 
Lc  acid,  which  promotes  the  separation  of  tlie  chloride  of  silver, 
bter  should,  under  these  circumstances,  be  collected  and  washed 
Iter  (p.  208  ^),  as  washing  by  decantation  would  give  too  large 

of  fluid. 

"he  separation  of  Mercury  from  the  metals  op  the  first  pour  97 
I  may  be  eflected  also  by  ignition,  which  will  cause  the  volati- 
1  of  the  mercury  or  the  mercurial  compound,  leaving  the  non- 
e  bodies  behind.  The  method  is  applicable  in  many  cases  to 
in  others  to  oxides,  clilorides,  or  sulphides.  If  the  mercury  is 
ied  only  from  the  loss,  the  operation  is  conducted  in  a  crucible ; 
ise  in  a  bulb-tube,  or  a  wide  glass  tube  with  porcelain  boat, 
precipitation  of  mercury  as  subchloride  with  phosphorous  acid, 
ing  to  §  1 1 8,  2  (p.  224)  is  also  well  adapted  for  its  separation 
letals  of  Group  IV.  If  the  mercury  is  already  present  as  sub- 
it  may  be  separated  and  determined  in  a  simple  manner,  by 
tation  with  hydrochloric  acid  (§  117,  1). 

ROM   THOSE   Bases  which  form   soluble   salts  with  sul-  98 
'  ACID,  oxide  of  lead  may  be  readily  separated  by  that  acid, 
suits  are  very  satisfactory,  if  the  rules  given  in  §  116,  3,  ai-e 
'  adhered  to. 

)u  have  lead  in  presence  of  baryta,  both  in  form  of  siilphates, 
the  precipitate  with  a  solution  of  ordinary  sesquicarbonate  of 
ia,  without  application  of  heat.  This  decomposes  the  lead 
iving  the  baryta  salt  unaltered.  Wash,  first  with  solution  of 
ite  of  ammonia,  then  with  water,  and  separate  finally  the  car- 
of  lead  from  the  sulphate  of  baryta,  by  acetic  acid  or  dilute 
icid  (H.  Rose*).  The  same  object  may  also  be  attained  by 
ling  the  washed  insoluble  salts  in  water  and  digesting  with  a 
mcentrated  solution  of  hyposulphite  of  soda  at  1 5 — 20°  (not 
I.     The  sulphate  of  baryta  remains  undissolved,  the  sulphate 

dissolves.     Deter  mine  the  lead  in  the  filtrate  (after  §  116, 
ulphide  of  lead  (J.  Lowe  f ). 

xiDE  OF    Copper   from   all  Oxides   of  the   first   Four 

cidify  the  solution  with  sulphuric  acid,  and  precipitate  the  99 
according  to  g  119,  l,r,  with  hypos^dphite  of  8oda,\  as  subsul- 
and  detennine  it  as  such  according  to  §  119,  3.     The  filtrate 
IS  the  other  bases.     Evaporate,  with  addition  of  nitiic  acid, 
id  determine  the  other  oxides  in  the  filtrate.  ||     Results  good. 

m.  t  prakt  Chem.  60,  160.  t  Ibid.  77,  75. 

commercial  salt  is  often  not  sufficiently  pure  ;    in  which  case  some 
be  of  soda  must  be  added  to  its  solution,  and  the  mixture  filtered, 
far  back  as  1842,  C.  Himly  made  the  first  proposal  to  employ  hyposul- 

8o<la  for  the  precipitation  of  many  metals  as  sulphides  (Annal.  d.  Chem. 
n.  43,  150).  The  question,  after  long  neglect,  was  afterwards  taken  up 
y  Vohl.  (Annal.  d  Chem.  u.  Pharm.  96,  237),  and  Slater  (Chem.  Gaz. 
0).  Flajolot,  however,  made  the  first  quantitative  experiments  (Annal. 
es.  1853,  041 ;  .Foum.  f.  prakt.  Chem,  61, 105).  The  results  obtained  by 
perfectly  satisfactory. 
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It  has  been  stated  in  §  1 19, 1,  c,  that  the  solation  ought  iohefne 
from  hvdrochloric  and  nitric  acids ;  however,  this  is  not  absolntei? 
ii«*cesKarv ;  only,  in  presence  of  hydrochloric  or  nitric  acid,  a  mucli 
larger  proportion  of  the  precipitant  is  required — in  presence  of  tie 
furin*.'r,  bt-oaiise  the  subchloride  of  copper  formed  is  decompoeed 
only  by  a  large  excess  of  hyposulphite  of  soda ;  in  presence  of  die 
latter,  Ijcoaiise  the  precipitant  begins  to  act  upon  the  cop|)er  8ah 
only  aftfr  the  decomposition  of  the  nitric  acid. 

h,  l^rocipitate  the  copjier  as  suhfulphocyanide  according  to  §  119,  Id 
3,  h  /  tli»»  other  metals  remain  in  solution  (Rivot).  If  alkalies  were 
I>rc.'sent  and  it  were  desired  to  determine  them  in  the  filtrate,  sul- 
phocyaiiide  of  ammonium  must  be  used  instead  of  the  potassium 
salt  usually  employed.  This  method  is  i>articulai']y  well  adapted 
for  the  s<'paration  of  copjKir  from  zinc.  The  zinc  can  be  precipitated 
at  once  from  the  filtrate  by  carbonate  of  soda.  The  method  is  also 
suitable  for  separating  copper  from  iron  (H.  Rose*)  ;  in  this  case  it 
is  unnecessary  that  the  sesquioxide  of  iron  be  completely  reduced  by 
the  sulphurous  acid  added  ;  the  sepai-ation  may  be  eifected,  even  if 
the  solution  becomes  blood-red  on  the  addition  of  the  precipitant 

5.  Oxide  of  Copper  from  Oxide  of  Znfc. 

BoBiERREf  employed  the  following  method  with  satisfactorjlB 
results  in  the  analysis  of  many  alloys  of  zinc  and  copper:— The 
alloy  is  put  into  a  small  porcelain  boat  lying  in  a  porcelain  tube, 
and  heated  to  redness  for  three-quarters  of  an  hour  at  the  most,  t 
rapid  stream  of  hydrogen  gas  being  conducted  over  it  during  the 
process.  Tlie  zinc  volatilizes,  the  copper  remaiijis  behind.  Lesd 
also  (if  that  metal  be  present)  is  not  volatilized  in  this  process. 

6.  Teroxide  of  Bismuth  from  the  Oxides  of  the  first  Fom 
Groups,  with  the  exception  of  Sesquioxide  of  Iron. 

rrecij)itate  the  bismuth  according  to  §  120,  4  (p.  234),  as  basic  101 
chloride,  and  determine  it  as  metal;    all  the   other  bases  remain 
completely  in  solution.     Results  very  satisfactory  (H.  Rose  J). 

7.  Oxide  of  Cadmium  from  Oxide  of  Zinc. 

Prepare  a  hydrochloric  or  nitric  acid  solution  of  the  two  ox-lfli 
ides  as  neutral  as  possible,  add  a  sufficient  quantity  of  tartaric  acid, 
then  solution  of  potassa  or  soda,  until  the  reaction  of  the  clear 
fluid  is  distinctly  alkaline.  Dilute  now  >\ith  a  sufficient  quantitT 
of  water,  and  boil  for  U — 2  hours.  All  the  cadmium  precipitattf 
as  hydrnted  oxido  fr(H»  from  alkali  (to  be  determined  as  directed  § 
121),  whilst  the  whol:?  of  the  zinc  remains  in  solution;  the  latter 
metjil  is  doteniiiiKMl  as  diroctf^d  in  §  108,  1,  h  (AuBEL  and  Ri* 
D0Hr||).     The  t^'st -analyses  coinnumicated  are  satisfactory. 


♦Poffg.  Annal.  110,  424. 

f  Compt.  rend.  :56,  224  ;  Joum.  f.  prakt.  Chem.  68,  ZSS^ 

i  VoQg.  Annal.  110,  421). 

I  Annal  d.  Chem.  u.  Tharm.  103,  33. 
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ih&at;— The  Koa.  refer  to  thoae  in  the  iiuk:qci]L 

(Mitfo/'ritew  from  oxide  of  copper.  104.  110,  111,  113,  123,  188,  l* 
"  oxide  of  dvlmiiuQ,  11)4,  110,  113. 

"  teroxide  of  biflmuUi.  104,  lOO,  118,  113. 

"  oxide  of  mercury,  104,  110,  113,  117,  119,  141, 

"  oiideofleBd,  104,107,108,109,112,133,184. 

<Wd^  0^  m«m(7y  from  oxide  of  ailrer,  lOt,  110,  113,  117,  119,  141. 
"  Buboxiiie  ot  raercmy,  105. 

"  oxide  of  lead,  IM,  108,  109,  113,  117,  119 

"  teroxide  of  bUmuth,  109,  113,  117, 

"  oxide  of  copper,  106,  111,  112,  117, 119. 

"  onde  of  cadmium,  lOfi,  117. 

Uefmerearj/bam  oxide  of  mercuiy,  105. 
"  oxidR  of  flonnflr.  lOi'i.  10 


oxide  of  copper,  105,  106,  llA 
oiide  of  eadmioin,  105,  106.  - 
"  oxide  of  lead,  105,  106,  108,  109,  119. 

Compare,  alao,  oxide  of  mercury  from  the  other  metaU. 
<Md«  0flead  from  oxide  of  aUver,  104,  lOS,  109,  113, 133,  133, 131 

"  oxide  of  mercary,  104,  107,  lOH,  109,  113,  117,  IIV. 

«  oxide  of  cnpper,  lOB,  109,  112,  114. 

"  teroxide  of  l.iamuth,  108,  114,  120, 121. 

"  oxide  of  cadmium,  lOE,  100,  113. 

StoiMiiifa^MnnuiA  from  oxide  of  diver,  104.  109,113,  ISO 
**  oxide  of  lead,  108,  1 14,  120, 121- 

"  oxide  of  oopper,  109,  113,  113,  130. 

"  oxide  of  cadmium,  100,  112,  113,  114,  111 

"  oxide  of  mercury,  109,  H3,  117 

OMeefeeppertifaaojAAeotsihet.  HH,  tlO,  111,  11.3,  133,  128,13^ 
^  oiideof  lend,  108. 109,  112,  H4. 

"  teroxide  of  bismuth,  100,  US.  113,130. 

"  oxide  of  mercury,  106,  111,  112,  117, 119. 

"  oxideof  oa.imiuro.  Ill,  113,114,115,118. 

Caiidt  <(f  eadmiwa  bom  oxide  of  silver,  104, 110,  112. 
"  oxide  of  lead,  103, 100,  113. 

"  teroi3de  of  btamntb,  109, 113, 118, 114, 118. 

"  oxide  otcopper,  111,112, 114,  115,118. 

*'  oxide  of  mercury,  lOG,  117. 


f-^-   OllM  OF  SiLTXB  PKOM  OlIDE  OF  CoPPER,  OxiDE  OF  C.^PMUFJI, 

^^**«xiDE  OF  Bismuth,  Oxide  of  Meecury,  akd  Oxide  of  Lbm>. 

_**.  To  eeparate  oxide  of  silver  from  oxide  of  copper,  oxide  of  ead- 104 
***»»«»,  iumJ  terooade  of  biamuOi,  add  to  the  nitric  acid  solution  con 
■***iing  exceas  of  nitric  acid,  hvdvocliloric  acid  as  long  as  a  precipi- 
■**«  fonns,  and  separate  the  precipitated  chloride  of  silver  from  tlw 
solution  which  contains  the  other  oxides,  as  directed  §  115, 1,  a. 
t^'  If  you  wish  to  separate  oxiile  of  mercury  from  oxide  of  sUvei 
^  oydrochloric  acid,  special  precautions  must  be  taken,  as  a  solution 
'^  lutrate  of  mercury  possesses  the  property  of  dissolving  chloride 
"*'  Bilver  (Wackenroder,  v.  Liebio*).     Although  the  chloride  ot 

•  Annal.  d.  Chem.  n.  Pharm.  81,  128. 


;=0  SlTARATTOy.  [§  Ifi 

';..  r  iri  '-'".!« rk«n  f-r  :?ie  most  part  i^jarates  on  the  afldhionof 
•-:.  ■:.'•.  i.v-ir  •■:■)/.  -rie  aoi^i  to  con  veil  :];€•  nitrate  of  mf-rcniT  imo 
'-:.!  :i  i-,  -T  •  ::  ji'i'.ii'i-ii  ff  acetate  of  .S'-Hla,  still  we  cannot  dejiend 
i::  :.  '\if.-  cii.i'i-v*  i.rv«?ij'iuiTi'»n  of  tlie  silver.  On  this  aco.-unt, 
i..i\  ti."  i-i:ric  :»i  ii  Sviuri-n — whi«.h  niav  not  contain  auv  suloiide 
■  !  ii.-ii.-uiv,  itiid  is  to  \j^  in  a  suliicieiitlv  dilute  conilition  aiidacidi- 
ti'-i  vnth  nitric  acM — ^fcith  hyilrocliloric  acii],  as  long  as  a  precipi- 
tj-.ti.  f.  niis.  All'jw  to  (l»;-p«.sii.  filter  ofl'  the  clear  fluid,  heat  iheyn- 
rij'i'at* — 1.»  free  it  fioiu  any  [•i.iSMbly  coprecipitated  basic  meixurr 
h.i'r< — wiih  a  littlv  nitric  acid,  add  water,  then  a  few  drops  of  hy- 
d."M!j|..ric  a  id,  and  lili«r  otf  the  chloride  of  silver.  In  the  filtmtt 
rl't'-riiiiiif  x\iir  n:eroury  as  sulphide  (j5  1 1^*,  3),  and  finally  tt^t  this 
f«.r  >ilvi-r,  by  iirnition  in  a  s?ti-eani  of  hydrogen — any  silver  tliat 
ni.iv  liapp'-n  to  }jt;  pre.sent  will  n-msun  Whind  in  tlie  metallic  staw. 

y.  In  tlj.'  s'^jtaration  of  «Vr*'r  from  h:*oi^  the  precipitation  ii; also 
jirc-<'(i!!-d  by  addition  of  acetate  of  soda.  The  fiuid  must  be  hot 
and  the  hvdrochlonc  acid  rather  dilute  ;  no  more  must  Ik*  atlilodcf 
till?  latti-r  than  is  just  necessary.  In  this  manner  the  se[»aration 
mav  br  rradilv  elTectetl,  since  chloride  of  lead  dissolves  in  acetate 
of  soda  (Antiiox).  The  lead  is  thrown  down  from  the  filtrate  by 
suli)hnntt('<l  hydrogen. 

0.  Th<r  volumetric  method  (§  llo,  5)  is  usually  resorted  to  in 
tlu^  mint  to  determine  the  *//rer  m  alloys.  In  presence  of  oxide  (rf 
iiHn  my,  acetate  of  soda  is  mixed  with  the  fluid  immediately  befort 
tli(^  arldition  of  the  solution  of  chlonde  of  sodium. 

h,  Si-noxFDE  OP  MERruRY  FROM  Oxide  OP  Merctrt,  Oxide  or 
foiMTii,  Oxide  of  Cadmium,  and  Oxide  of  Lead. 

Mix  tin*  highly  dilute  cold  solution  with  hydrochloric  acid. sslOi 
l«»:iLr  MS  a  ]>rr('i])itatt^  (subchloride  of  m«'rourv)  forms:  allow  thi^  to 
(l'!»'»:>i<,  liltcr  on  a  wiui'hed  filter,  drv  at  I'K'^,  and  wt'idi.  Tt- 
(Ihi-ilr  contains  the  oth(?r  oxi<les.  If  \o\\  have  to  analvse  a  kJu 
b(..lv,  iiisohibic  in  wnter,  either  tr(^;it  clirectlv,  in  th»*  ••olu.^TH 
diluf«'  livdroehlorie  ueid,  or  dissolve  in  hifdilv  dilute  nitni'  a^u, 
.Mini  mix  llie  solution  with  a  large  <]utintity  a^  water  beforei'rc*- 
r(('ilin'.r  to  pn'«'i|>ii;it<\  Care  must  always  be  taken  that  th'.' inw* 
of  soluti<»n  is  sneh  as  not  to  (?nd;jn*;er  the  oxidation  of  tlie >iib- 
o\i(|«'  of  nn'i-enry.  If  lead  is  i»r(?sent  the  washing  of  the  !?ui":lil'> 
liilr  must  br  executed  with  speeinl  care  with  water  of  00 — 7"^  ^i^ 
the  tilfr;ite  ecMscs  to  be  colored  with  sul]diur«*tted  hvdrngi-ii.  As 
;iii  ;nMit i<'!i.'il  scM-nritv,  it  is  well  to  test  at  last  whether  the  wci^b^i 
>.nl'<li|oii«U*  le;iM"s  no  sulphide  of  lead  behind  on  cautious  ijTWti^ 
with  sulj»liur  in  a  stn"nm  of  hydrogen. 

r.  (>\im:  v^i  SrnoxiDE  of  Mercury  from  Oxide  of  Coptei, 
(UiiM.  or  Cadmum,  and  (but  less  well)  from  Oxide  of  Leap. 

If  ineriMiiy   is   picMMit  as   oxide  or  as  oxide  and  suboxide, it BiP 

•pi.'.ipr.Mtr.l  Mce.tr-lini^  \^^  ^   IIS,  2,(7,  by  means  of  hydroohlonc 

Ml  III  .ind  pliosi'lionms  nciil  as  subehloride.     The  juvcipitate,  ]•a^tl^ 

fil. 'In    wli.n    bismuth   is  ])resrnt,  is   iirst  washed  "with  water  coo* 

l,niiiii:r  li\(lroihloiie  aeid,  then  with  pure  water,  till  the  washiup 
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10  longer  colored  witli  sulphuretted  hydrogen  (H.  Rose*).     In 
>resence  of  lead,  the  remarks  in  105  must  be  attended  to. 

Chloride  of  Lead  and  Chloride  of  Silver  may  be  sepa- 107 
also  by  solution  of  ammonia,  which  dissolves  the  latter,  leav- 
tie  former  behind  as  basic  chloride  of  lead.  Bear  in  mind  that 
liloride  of  silver  must  be  recently  precipitated,  and  with  ex- 
m  of  light.  The  chloride  of  silver  is  thrown  down  from  the 
>niacal  solution  by  nitiic  acid.  It  is  necessary  to  test  the 
filtered  from  the  chloride  of  silver  with  sulphuretted  hydrogen 
certain  whether  weigh  able  quantities  of  chloride  of  silver  may 
e  retained  in  solution  by  the  agency  of  the  ammonia  salts. 

2.  Metfiods  based  upon  the  Inaoluhility  of  Sulphate  of  Lead, 

xide  of  Lead  from  all  other  Oxides  of  the  Fifth  Group. 

:x  the  nitric  acid  solution  with  pure  sulphuric  acid  in  not  too  108 
li  excess,  evaporate  until  the  sulphuric  acid  begins  to  volatilize, 

the  fluid  to  cool,  add  water  (in  which,  if  there  is  a  sufficient 
bity  of  free  sulphuric  acid  j^resent,  the  sulphates  of  mercury 
>f  bismuth  dissolve  completely),  and  then  filter  the  solution, 
:^  contains  the  other  oxides,  without  delay,  from  the  undissolved 
late  of  lead.  Wash  the  precipitate  with  water  containing  sui- 
te acid,  displace  the  latter  with  spii-it  of  wine,  dry,  and  weigh 
6,  3).  Precipitate  the  other  oxides  from  the  filtrate  by  sul- 
dtted  hydrogen.  If  oxide  of  silver  is  present  in  any  notable 
bity,  this  method  cannot  bo  recommended,  as  the  sulphate  of 
•  is  not  soluble  enough.  In  this  case  you  may  follow  Eliot 
5T0RER,f  viz.,  mix  the  solution  with  nitrate  of  ammonia,  warm, 
|)itate  the  greater  portion  of  the  silver  with  chloride  of  ammo- 
^  evaporate  the  filtrate,  remove  the  ammonia  salts  by  ignition, 
ji  the  residue  separate  the  small  remainder  of  the  solver  from 
sad  with  sulphuric  acid  as  just  directed.  For  the  separation 
id  from  bhmuth,  on  the  above  principle,  H.  RoseJ  gives  the 
mng  process  as  the  best.  If  both  oxides  are  in  dilute  nitric 
solution,  as  is  usually  the  case,  evaporate  to  small  bulk,  and 
)nouc:h  chloride  of  ammonium  to  dissolve  all  the  teroxide  of 
nth ;  the  lead  separates  partially  as  chloride.  Should  a  por- 
of  the  clear  fluid  poured  ofi*  become  turbid  on  the  addition  of 
►p  of  water,  you  must  add  some  more  hydrochloric  i^id,  till  no 
snent  turbidity  is  produced  unless  several  di'ops  of  water  are 
i.  The  turbid  fluids  should  all  be  retuinied,  and  the  glasses 
d  with  alcohol.     Add  now  dilute  sulphuric  acid,  allow  to  stand 

time  with  stiiring,  add  spirit  of  wine  of  0*8  sp.  gr.,  stir  well, 
^  to  settle  for  a  long  time,  filter,  wash  the  sulphate  of  lead  first 

alcohol,  mixed  with  a  small  quantity  of  hydrochloric  acid, 
with  pure  alcohol.     Determine  it  after  §  116,  3.     Mix  the  fil- 

&t  once  with  a  large  quantity  of  water,  and  proceed  with 
precipitated  basic  chloride  of  bismuth  according  te  §  120,  4 
34). 

»ogg.  Annal.  110,  534. 

i!oiMedingR  of  the  American  Academy  of  Arts  and  Sdenoes,  Sepl  11,  18(K), 

;  Zeitschrift  f.  Analyt.  Chem.  1,  389. 

'ogg.  Annal.  110,  432. 
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3.  Diffsrent  Deportment  of  the  Oxides  and  Sulphides^  tnti 
Cyanide  of  Potasaiwm  (Fbesenius  and  Haidlen  *). 

a.  Oxide  of  Lead  and  Teboxide  of  Bismuth  fbok  all  other 

Ox  1DE8  OF  THE  FiFTH  GrOUP. 

Mix  tlie  dilute  solutioD  with  carbonate  of  soda  in  dighi  excess,  addlH 
solution  of  cyanide  of  potassium  (free  from  sulphide  of  potassium), 
aeat  gently  for  some  time,  filter,  and  wash.  On  the  filter  you  haye 
mrbonate  of  lead  and  of  bismuth,  containing  alkali  ;  the  filtrate  con- 
tains the  other  metals  as  cyanides  in  combination  with  cyanide  of 
f)otassium.  The  method  of  efiecting  their  further  separation  will 
be  learnt  from  what  follows. 

h.  Oxide  of  Silver  from  Oxide  of  Mercury,  Oxide  of  Coppeb, 
and  Oxide  of  Cadmium. 

Add  to  the  solution,  which,  if  it  contains  much  free  acid,  mnstUI 
previously  be  nearly  neutralized  with  soda,  cyanide  of  potassium 
until  the  precipitate  which  forms  at  first  is  redissolved.  The  solu- 
tion contains  the  cyanides  of  the  metals  in  combination  with  cj^* 
nido  of  potassium  as  soluble  double  salts.  Add  dilute  nitric  arid 
in  excess,  which  effects  the  decomposition  of  the  double  cyanides;  the 
iiis<iluble  cyanide  of  silver  precipitates  permanently,  whilst  the  cy*- 
iiide  of  mercury  remains  in  solution,  and  the  c^'anides  of  copper  and 
cadmium  redissolve  in  the  excess  of  nitric  acid.  Treat  the  cvanide 
of  silver  as  directed  8  115,  3,  or  convert  it  into  the  metaUic  state 
by  ignition  in  a  procelain  crucible  till  the  weight  remains  constant 
I  f  the  filtrate  contains  only  mercury  and  cadmium,  precipitate  aft 
once  with  sulphuretted  hydrogen,  which  completely  throws  down 
the  sulphides  of  the  two  metals ;  but  if  it  contauis  copper,  you 
nnist  first  evapoi-ate  with  sulphuric  acid,  until  the  odor  of  hydro- 
cyjinic  acid  is  no  longer  perceptible,  and  then  precipitate  with  sul- 
phuretted hydrogen,  or  wdth  solution  of  potassa  or  soda  (8  119,  3 
or  1). 

c.  Oxide  of  Copper  from  Oxide  of  Silver,  Oxide  op  Mercvbi^ 
AND  Oxide  of  Cadmium. 

IVIix  the  solution,  as  in  6,  with  cyanide  of  potassium  until  11] 
tlie  preci])itate  which  is  first  thrown  down  redissolves;  add  some 
more  cyani<le  of  potassium,  then  sulphui*etted  hydrogen  water  or 
sulphide  of  auimoninni,  as  long  as  a  precipitate  forms.  The  sul- 
phides of  silver,  cadmium,  and  mercury  are  completely  thrown 
down,  whilst  the  copper  remains  in  solution,  as  sulphide  dissolved 
in  cyanif'*^  of  pota.ssi'nni.  i^  How  the  precipitate  to  subside,  decant 
repeat<?d  ,  cicat  The  precipitate,  for  security,  once  more  with  solu- 
tion of  cyanide  of  potassium,  heat  gently,  filter,  and  wash  the  sul- 
phides of  the  metals.  To  determine  the  copper  in  the  filtrate,  e^*apo- 
rate  the  latter,  with  addition  of  nitric  and  sulphuric  acids,  until 
ther(i  is  no  longer  any  odor  of  hydrocyanic  acid  perceptible,  and 
then  precipitate  with  solution  of  potassa  or  soda  (§119,  1),  or  deter- 
mine it  as  subsiilphide  (§  119,  3). 

d.  All  tiik  Metals  of  the  Fifth  Group  prom  each  other. 
Mix    the    dilute    solution    with    Ciirbonate    of  soda,   then  with  It 


*  Annal.  d.  Chem.  u.  Pharm.  43,  129. 


163.]  BASES  OF  GR0C7P  Y.  383 

uuide  of  potassium  in  excess,  digest  some  time  at  a  gentle  beat, 
td  filter.  On  the  filter  you  have  carbonate  of  lead  and  of  bis- 
■ith,  containing  alkali ;  sepai*ate  the  two  metals  by  a  suitable 
Bthod.  Add  to  the  filti*ate  dilute  nitric  acid  in  excess,  and  filter 
«  fluid  from  the  precipitated  cyanide  of  silver,  which  determine 
directed  §  115,  3.  Neutralize  the  filti'ate  with  carbonate  of  soda, 
Ld  cyanide  of  potassium,  and  pass  sulphuretted  hydrogen  in  ex- 
es. Add  now  some  more  cyanide  of  potassium,  to  redissolve  the 
Ipliide  of  copper  which  may  have  fallen  down,  and  filter  the  fluid, 
lich  contains  the  whole  of  the  copper,  from  the  precipitated  sul- 
ide  of  mercury  and  sulphide  of  cadmium.  Determine  the  coijper 
directed  in  c,  and  separate  the  mercury  and  cadmium  as  in  10 6« 

4r.  Formation  and  Separation  of  insoluble  JBasic  Salts. 

rxROxiDE  OF  Bismuth  from  Oxide  op  Copper  and  Oxide  of 
I>MIUM  (also  from  the  oxides  of  the  first  four  groups,  with  the  ex- 
►tion  of  oxide  of  iron). 

E^recipitate  the  bismuth  as  basic  chloride  according  to  §  120,  4  (p.  118 
t)  and  throw  down  the  copper  and  cadmium  in  the  filtrate  by  sul- 
iretted  hydi*ogen.     Results  thoroughly  satisfectory  (H.  Kose  *), 

Deroxide  of  Bismuth  from  Oxide  of  Lead  and  Oxide  of 
omium. 

^parate  the  bismuth  according  to  §  120, 1,  c,  as  basic  nitrate,  and  114 
oipitate  the  lead  and  cadmium  in  the  filtrate  hj  sulphuretted  hy- 
•^n.     Results  very  satisfactory  (J.  LowEf). 

Deroxide  of  Bismuth  and  Oxide  of  Copper  from  Oxide  of 

AD  AND  Oxide  of  Cadmium. 

^|>arate  the  bismuth  after  §  1 20,  1,  c,  as  basic  niti*ate,  then  heat 

dish  on  the  water-bath  till  the  neutral  nitrate  of  copper  is  com- 
l:ely  convei*ted  into  bluish-green  basic  salt  and  no  blue  solution 
produced  on  addition  of  water.  Allow  to  cool,  treat  with  an 
l.eous  solution  of  nitrate  of  ammonia  (1  in  500),  filter,  wash  with 

same  solution,  and  sepai'ate  in  the  solution  lead  from  cadmium ; 
the  residue  copper  from  bismuth.     Results  very  satisfactory 

LiOWE,  loc,  cit.). 

5.  Precipitaiion  of  tlie  Copper  as  Suhsulphocyaniden 
DxiDE  OF  Copper  from  Oxide  of  Cadmium  [and  the  oxides  of 
oups  I. — IV.  (Comp.  100-)] 

r-ecipitate  the  copper  according  to  §   119,  3,  6,  as  subsulpho- 115 
mide  (Riyot),  and  the  cadmium  from  the  filtrate  as  sulphide.   Re- 
ts good  (H.  Rose).  "  t  r.  ^  ,^^  "t^ 

6.  Different  Deportment  of  tlie  Chromates. 

Bismuth  from  Cadmium. 

IPrecipitate  the  bismuth  as  directed  §  1 20,  2.     The  filtrate  con-  116 
UB  the  whole  of  the  cadmium.     Concentrate  by  evaporation,  and 
kn  precipitate  the  cadmium  by  the  cautious  addition  of  carbonate 
«oda,  as  directed  §  121,  1,  a  (J.  Lowe, J  W.  Pfjirson|).     The 
tiilts  are  said  to  be  satisfactory. 

^  Pogg.  AnnoL  110,  430.  f  Joum.  f.  prakt.  Chem.  74,  846. 

:  Joum.  f .  prakt  Chem.  67,  469.  |  Phil.  Mag.  xl  204. 
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7.  J>\fere:ii  Deportment  of  the  Sulphides  with  Acids, 
a.  Oxide  or  Mercury  frou  Silver,  Bismuth,  Copper,  C&i>- 
Hiuii,  AHo  (but  less  well)  from  Leas. 

Boil  the  thoroughly  washed  precipitated  sulphides  with  perfectly  11^" 

Iiure  moderately  dilute  uitric  acid.  The  sulphide  of  mercury  is 
eft  undiaaolved,  the  other  sulphides  are  dissolTed.  Absence  of 
chlorine  is  indispensable.  G.  v.  R&th*  employed  this  method, 
which  is  BO  universally  used  in  qualitative  an&lyaiB,  with  perfect 
success  for  the  separation  of  mercuiy  from  bismuth, 
6.  OxuoE  OF  Copper  prom  Oxide  of  Cadmium. 

Boil  the  well-washed  precipitates  of  the  sulphides  with  dilute  1]^  ^ 
sulphuric  acid  (1  part  concentrated  acid  and  5  parts  water),  and, 
after  some  time,  filter  the  undissolved  sulphide  of  copper,  to  be  de- 
termined according  to  §  119,  3,  from  the  solution  containing  the 
whole  of  the  cadmium  (A.  W.  HopUAMNt). 

8.    Volatility  of  some  of  M«  Metals,  (hndes.  Chlorides,  or  Sul- 
phide, 
a.  Mercury  from  Silver,  Leas,  Coppeb  (in  general  &om  the  119 
mebds  forming  non-volntile  chlorides). 


Fig.  88. 


Precipitate  with  siilphui-etted  hydrogen,  collect  the  precipitated 
sulphides  on  a  weighed  filter,  dry  at  100",  weigh,  and  mix  uni- 
forinly.  Introduce  an  aliijuot  part  into  the  bulb  If  (fig.  08),  [bet- 
ter into  a  poi-celain  tray  contained  in  a  pliun  piece  of  IJohemian  com- 
bustion tube  bent  like  J),0,]  pass  a  slow  sti-eani  of  chlorine  gas 
(see  p.  324),  and  apjily  a  gentle  heat  to  the  bulb,  increasing  this 
gradually  to  faint  redness.     Connect  (r  during  the  operation  with 


*  Fosff.  Annal.  96,  i 
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a  carboy  containing  moist  hydrate  of  lime.  First  chloride  of  sul- 
phur distils  over,  which  decomposes  with  the  water  in  the  tubes  JF 
and /'(p.  325)  ;  then  the  chloride  of  mercury  formed  volatilizes,  con- 
densing partly  in  the  receiver  JEJy  partly  in  the  hind  part  of  the  tube 
0,  Cut  off  that  part  of  the  tube,  [or  withdraw  the  tray,]  rinse  the 
sabliniate  with  water  into  JEJy  and  mix  the  contents  of  the  latter 
with  the  water  in  J5^.  Warm  the  solution  until  the  smell  of  chlor- 
ine has  gone  off,  and  then  determine  in  the  fluid  filtered  from  the 
sulphur  which  may  still  remain  imdissolved,  the  mercury  as  di- 
rected §  118.  If  the  residue  consists  of  chloride  of  silver  alone,  or 
chloride  of  lead  alone,  you  may  weigh  it  at  once ;  but  if  it  contains 
several  metals,  you  must  reduce  the  chlorides  by  ignition  in  a  stream 
of  hydrogen  gas,  and  dissolve  the  reduced  metals  in  nitric  acid,  for 
their  ulterior  separation.  Bear  in  mind  that,  in  presence  of  lead, 
the  sulphides  and  the  chlorides  must  be  heated  gendy^  in  the 
chlorine  and  hydrogen  respectively,  otherwise  some  chloride  of  lead 
might  volatilize. 

If  it  is  intended  to  determine  the  mercury  by  the  difference,  in- 
stead of  in  the  direct  way,  the  apparatus  may  be  much  simplified. 
In  this  case,  however,  great  care  must  be  bestowed  on  the  drying  of 
the  sulphides  at  100°,  because,  for  instance,  the  sulphide  of  lead 
on  drying  first  becomes  lighter  from  loss  of  moisture,  then  gradually 
heavier  again  by  absorption  of  oxygen.     Hence  the  method  should 
only  be  adopted  when  a  small  quantity  only  of  another  metal  is 
present  with  the  mercury.     Weigh  the  dried  precipitate  every  half 
hour,  and  take  the  lowest  weight  as  the  correct  one.     Then  ignite 
*n  aliquot  part  of  the  precipitate  in  the  stream  of  hydrogen  in  a 
crucible  with  perforated  cover,  or  in  a  tube  with  porcelain  tray. 
The  method  caimot  be  applied  unless  only  one  metal  is  present  with 
^  mercury.     From  the  residue  in  the  ci*ucible  or  boat  reckon  how 
much  the  whole  precipitate,  dried  at  100°,  would  have  yielded, 
tken  calculate  the  result  into  sulphide,  in  which  form  the  substance 
Was  contained  in  the  dried  precipitate — the  difference  is  sulphide 
ofmercury. 

By  ignition  in  hydrogen  sulphide  of  silver  yields  the  metal,  sul- 
phide of  copper  yields  the  subsulphide,  sulphide  of  lead  remains  un- 
altered.    Results  good. 

In  alloys  or  mixtures  of  oxides  the  mercury  may  usually  be  de- 
termined with  simplicity  from  the  loss  on  ignition. 

h.  Teroxide  op  Bismuth  from  OxroE  op  Silver,  OxroE  op 
IiEADy  A^'D  Oxide  op  Copper. 

The  separation  is  effected  exactly  in  the  same  way  as  that  of  mer- 120 
cury  from  the  same  metals  (119).  The  method  is  more  especially 
convenient  for  the  sei)aration  of  the  metals  in  alloys.  Care  must 
be  taken  not  to  heat  too  strongly,  as  otherwise  chloride  of  lead 
might  volatilize  ;  nor  to  discontinue  the  application  of  heat  too  soon, 
as  otherwise  bismuth  would  remain  in  the  residue.  Put  water  con- 
taining hydrochloric  acid  in  the  tubes  £  and  F  {^g*  68),  and  de- 
termine the  bismuth  therein  according  to  §  120. 

9.   Precipitation  of  one  Metal  by  anoih4>r  in  the  Metallic  State, 

Oxide  of  Lead  from  Teroxide  of  Bismuth. 

Precipitate  the  solution  with  carbonate  of  ammonia,  wash  the  121 

25 
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precipitated  carbonates,  and  dissolve  in  acetic  acid,  in  a  flask ;  place 
a  weighed  rod  of  pure  lead  upright  in  the  solution  and  nearly  fill 
up  with  water,  so  that  the  rod  may  be  entirely  covered  by  the  fluid ; 
close  the  flask,  and  let  it  stand  for  about  12  hours,  with  occasional 
shaking.  Wash  the  pi'ecipitated  bismuth  off  from  the  lead  rod, 
collect  on  a  filter,  wash,  and  dissolve  in  nitric  acid ;  evaporate  the 
solution,  and  determine  the  bismuth  as  directed  §  120.  Determine 
the  lead  in  the  filtrate  as  directed  §  116.  Dry  the  leaden  rod,  and 
weigh ;  subtract  the  loss  of  weight  which  the  rod  has  suffered  in 
the  process,  from  the  amount  of  the  lead  obtained  from  the  filtrate 
(Ullgren). 

10.  Sepcuraiion  of  Silver  by  CupdlaHon, 

CuPELLATiON  was  formerly  the  universal  method  of  determining  182 
SILVER  in  alloys  with  copper,  lead,  Ac,  The  alloy  is  fused  to- 
gether with  a  sufficient  quantity  of  pure  lead  to  give  to  1  part  of  sil- 
ver 16  to  20  parts  of  lead,  and  the  fused  mass  is  heated,  in  a  muffle, 
*in  a  small  cupel  made  of  compressed  bone-ash.  Lead  and  copper 
are  oxidized,  and  the  oxides  absorbed  by  the  cupel,  the  silver  being 
left  behind  in  a  state  of  purity.  One  part  by  weight  of  the  cupel 
absorbs  the  oxide  of  about  2  parts  of  lead ;  the  quantity  of  the  sam- 
ple to  be  used  in  the  *  experiment  may  be  estimated  accordingly. 
This  method  is  one  of  the  safest  processes  to  determine  very  smidl 
quantities  of  silver  in  alloys.*  With  regard  to  details,  I  refer  to 
the  "  SHver  Assay,''  §  226. 

11.  Volum^rtc  Determinaition  of  Silver  in  JPresence  of  Lead 
and  Copper. 

See  §  115,  5,  n.  (p.  215).  128 

12.  Methods  housed  on  the  behavior  of  Ammoniacal  Sdutione 

of  SvhcKtoride  of  Copper  annd  of  Oxide  of  Silver  tmth 
ea>ch  other. 

If  you  pour  a  solution  of  ammonio-subchloride  of  copper,  contain- 
ing large  excess  of  ammonia,  into  a  solution  of  nitrate  of  silver  like- 
wise supersaturated  with  anmionia,  a  precipitate  of  metallic  silver 
is  immediately  formed. 

On  this  reaction  Millon  and  CoMiCAiLLEf  base  the  following 
methods  of  separation : — 

a.  Determination  op  Oxide  op  Silver  in  presence  op  Oxide 
OP  Lead  and  Oxide  op  Copper. 

Mix  with  ammonia  in  excess,  filter,  add  excess  of  ammonio-sub-124 
chloride  of  copper,  allow  the  precipitate  to  subside,  filter  it  off,  wash 
with  ammoniacal  water,  ignite,  and  weigh.  The  test-analyses  that 
have  been  adduced  are  perfectly  satisfactory.  Very  small  quanti- 
ties of  the  precipitated  metallic  silver  I  should  prefer  to  dissolve  in 
nitric  acid,  evaporating  to  dryness,  and  determining  the  silver  after 
PiSANi's  method  (p.  215). 

b.  Determination  op  Suboxide  op  Copper  in  the  presencb 
OP  THE  Oxide. 

*  Compare  Malagati  and  DnrocheTf  Gompt.  rend.  29,  689  *  Dingier,  115,  278. 
f  Compt.  rend.  66,  809 ;  Zeitschrift  f.  analyt.  Ghem.  2,  212. 
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Dissolve  the  compound  in  hydrochloric  acid,  add  excess  of  am- 125 
monia,  then  excess  of  solution  of  nitrate  of  silver,  which  has  been  . 
mixed  with  so  much  ammonia  that  no  separation  of  chloride  of  sil- 
ver can  take  place.  All  these  operations  must  be  perfoi*med  in  an 
apparatus  through  which  hydrogen  (washed  with  ammoniacal  silver 
solution)  is  passing.  The  precipitated  silver  is  finally  determined 
as  in  124>  1  oq*  of  the  same  corresponds  to  1  eq.  Cu.j  O  or  Cu^  CL 
The  total  amount  of  the  copper  is  best  determined  in  another  por- 
tion of  the  substance. 

Sn^TH  GROUP. 

rRROXIDE  OF  GOLD — BINOXIDE  OF  PLATINUM — PROTOXIDE  OF  TIN — 
BINOXIDE  OF  TIN — TEROXIDE  OF  ANTIMONY — (aNTIMONIO  ACID) 
AR8ENI0US   ACID ^ARSENIC   ACID. 

L  Separation  of  the  Oxides  of  the  Sixth  Group  from 
THE  Oxides  of  the  first  Five  Groups. 

§  164. 

Index  : — The  Nos.  refer  to  those  in  the  mai^g^ 
OM,  from  the  oxides  of  Groups  I. —III.,  128, 131. 

"  IV.,  126,  129,  131. 

"  silver,  129,  146. 

"  mercury,  129,  131,  141. 

"  lead,  129,  150. 

••  copper,  129, 131. 

"  bismuth,  129,  131,  150. 

**  cadmium,  129,  131. 
FUxtinum  from  the  oxides  of  Groups  I. — m.,  126. 

"  ''                      IV.,  126,  130, 132. 

"  silver,  130. 

"  mercury,  130,  132. 

"  lead,  130. 

"  copper,  130,  132. 

"  bismuth,  130,  132. 

"  cadmium,  130,  132. 
Tin  from  the  oxides  of  Groups  I.  and  IL,  126,  184,  140. 

"  **                        III.,  126,  134. 

"  rinc,  126,  128,  133,  134. 

"  manganese,  126,  128,  134. 

"  nickel  and  cobalt,  126,  128,  133, 134, 189. 

"  iron,  126,  128. 

•*  sUver,  127,  128,  133,  139. 

"  mercury,  127,  128,  133. 

"  lead,  127,  128,  133,  139. 

"  copper,  127,  128,  133,  134,  139. 

"  bismuth,  127,  128. 

*«  cadmium,  127,  128,  133. 

dntknony  from  the  oxides  of  Groups  I.  and  IL,  126,  140L 

"  **                      IIL,126. 

"  zinc,  126,  128. 

**  manganese,  126,  128. 

"  nickel  and  cobalt,  126,  128,  188,  189. 

"  iron,  126,  128,  137. 

**  sUver,  127,  128,  139. 

••  mercury,  127,  128,  135,  147. 

«*  lead,  127,  128,  139,  149. 

"  copper,  127,  128,  137. 

**  bismuth.  127,  128. 

**  cadmium,  127,  128. 


V^  8EPARATIOK.  f§  IG 

Artmie  from  oxides  of  Gronp  I.,  13B,  140, 144, 145. 

"  ♦»  IL,126, 136, 140,144,145, 148 

"  **  in.,  126,  143,  144. 

"  zinc,  126, 128,  186,  142, 144,  145. 

<«  manganese,  126.  128, 136,  142,  143,  144,  145. 

«<  nickel  and  cobalt,  126,  128, 136,  138, 139, 142, 

143.  144  145 

•«  iron,  126,  128,  136,  137,  142,  143, 144. 

**  silver,  127,  128,  136,  139,  144. 

"  mercury,  127,  128,  186,  144,  147. 

"  lead,  127,  128,  136,  139,  142,  144,  148. 

"  copper,  127,  128,  136,  137,  139,  142,  143,  144. 

••  bismuth,  127,  128,  136,  144. 

"  cadmium,  127,  128, 136,  143,  144. 

A.    General  MetJiods, 

1.  MetJiod  based  upon  the  JPrecipitatwn  of  the  Oxides  of  the 
JSixih  Gh'oupfrom  Acid  Solutions  by  SiUphuretted  Hydrogen, 

All  Oxides  op  the  Sixth  Group  prom  those  op  the  pirst 
Four  Groups. 

Conduct  into  the  acid  *  solution  sulphuretted  hydrogen  in  excess,  12 
and  filter  off  the  precipitated  sulphides  (corresponding  to  the  oxides 
of  the  sixth  group). 

The  points  mentioned  96j  «>  ^^  and  y  must  also  be  attended  to 
here.  As  regards  7,  antimony  and  tin  are  to  be  inserted  between 
cadmium  and  mercury,  in  the  order  of  metals  there  given.  With 
respect  to  the  particular  conditions  required  to  secure  the  proper 
precipitation  of  certain  metals  of  the  sixth  gi'oup,  I  refer  to  Section 
IV.     I  have  to  remark  in  addition : — 

Of.  That  sulphuretted  hydrogen  fails  to  separate  arsenic  acid  from 
oxide  of  zinc,  as,  even  in  presence  of  a  large  excess  of  acid,  the 
whole  or  at  least  a  poi-tion  of  the  zinc  precipitates  with  the  arsenic 
as  Zn  S,  As  S5  (Woiiler).  To  secure  the  separation  of  the  two 
bodies  in  a  solution,  the  arsenic  acid  must  first  bo  convei-ted  into 
arsenious  acid,  by  heating  with  sulphurous  acid,  before  the  sulj^hu- 
retted  hydrogen  is  conducted  into  the  fluid. 

13.  That  in  presence  of  antimony,  tartaric  acid  should  be  added, 
as  otherwise  the  sulphide  of  antimony  will  contain  chloiide. 

2.  Method  based  upon  the  Solubility  of  the  Sulphides  of  Metals 

of  the  Sixth  Group  in  SidpkUes  of  the  Alkali  Jfetals, 

a.  The  Oxides  of  Group  VI.  (with  the  exception  of  Gold  and  IS 
Platinum)  from  those  of  Group  V. 

Precipitate  the  acid  solution  with  sulphuretted  hydrogen,  paying 
due  attention  to  the  directions  given  in  Section  IV.  under  the 
heads  of  the  several  metals,  and  also  to  the  remarks  in  126'  The 
precipitate  consists  of  the  sulphides  of  the  metals  of  Groups  V. 
and  VI.  Wash,  treat  immediately  after  with  yellow  sulphide  of  am- 
monium in  excess,  and  digest  the  mixture  for  some  time  at  a  gen- 
tle heat ;  filter  oft'  the  clear  fluid,  treat  the  residue  again  with  sul- 
phide of  ammonium,  digest  a  short  time,  repeat  the  same  operation, 
if  necessary,  a  third  and  fourth  time,  filter,  and  wash  the  residuaiy 
sulphides  of  Group  V.  with  water  containing  sulphide  of  ammo- 
nium.    If  protosulphide  of  tin  is  present,  some  flowera  of  sulphur 

*  Hydrochloric  acid  answers  best  as  acidifying  agent. 
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must  be  added  to  the  sulphide  of  ammonium,  unless  the  latter  Ixt 
verf  yellow.  lu  presence  of  copper,  the  sulphide  of  which  is  a  lit- 
tle soluble  in  [merely  warm]  sulphide  of  ammonium,  [boil  a  short 
time  or]  use  sulphide  of  sodium  instead.  However,  this  substitu- 
tion can  be  made  only  in  the  absence  of  mercury,  since  the  sulphides 
of  that  metal  are  soluble  in  sulphide  of  sodium. 

Add  to  the  alkaline  filtrate,  gradually,  hydrochloric  acid  in  small 
portions,  until  the  acid  predominates ;  allow  to  subside,  and  ther 
filter  off  the  sulphides  of  the  metals  of  the  sixth  group,  which  are 
mixed  with  sulphur. 

Schneider*  states  that  he  failed  in  effecting  complete  separation 
of  bisulphide  of  bismuth  from  bisulphide  of  tin  by  digestion  with 
sulphide  of  potassium,  but  succeeded  in  accomplishing  that  object 
by  conducting  sulphuretted  hydrogen  into  the  potassa  solution  of 
tartrate  of  teroxide  of  bismuth  and  protoxide  of  tin  (which  decom- 
pose into  binoxide  of  bismuth  and  binoxide  of  tin). 

If  a  solution  contains  much  arsenic  acid  in  presence  of  small 
quantities  of  copper,  bismuth,  etc.,  it  is  convenient  to  precipitate 
these  metals  (together  with  a  very  small  amount  of  sulphide  of 
arsenic)  by  a  briaf  treatment  with  sulphuretted  hydrogen.  Filter, 
extract  the  precipitate  with  sulphide  of  ammonium  (or  sulphide  of 
potassium),  acidify  the  solution  obtained,  mix  it  with  the  former 
filtrate  containing  the  principal  quantity  of  the  arsenic,  and  pro- 
ceed to  treat  further  with  sulphuretted  hydrogen. 

h.  The  Oxides  of  Group  VL  (with  the  exception  of  Gold  and  128 
Pktinam)  from  those  of  Groups  IV.  and  V. 

a.  Neutralize  the  solution  with  ammonia,  add  chloride  of  ammo- 
nium, if  necessary,  and  then  yellow  sulphide  of  ammonium  in  ex- 
cess; digest  in  a  closed  fiask,  for  some  time  at  a  moderate  heat,  and 
then  proceed  as  in  127*  Repeated  digestion  with  fresh  quantities 
of  sulphide  of  ammonium  is  indispensable.  On  the  filter,  you  have 
the  sulphides  of  the  metals  of  Groups  IV.  and  V.  Wash  with 
water  containing  sulphide  of  ammonium. 

In  presence  of  nickel,  this  method  offers  peculiar  difficulties; 
traces  of  sulphide  of  mercury,  too,  are  liable  to  pass  into  the  fil- 
trate. In  presence  of  copper  (and  absence  of  mercury),  sola  and 
sulphide  of  sodium  are  substituted  for  ammonia  and  sulphide  of 

ammonium.! 

0,  In  the  analysis  of  solid  compounds  (oxides  or  salts),  it  is  in 
most  cases  preferable  to  fuse  the  substance  with  3  parts  of  dry  car- 
bonate of  soda  and  3  of  sulphur,  in  a  covered  porcelain  crucible, 
over  a  lamp.  When  the  contents  .ai-e  completely  fused,  and  the  ex- 
cess of  sulphur  is  volatilized,  the  mass  is  allowed  to  cool,  and  then 

*  AimaL  d.  Ghem.  u.  Pharm.  101,  64. 

f  The  aocnracy  of  this  method  has  been  called  in  question  by  Bloxam  (Quart. 
Jour.  Chem.  Soa  5, 119).  That  chemist  found  that  sulphide  of  ammonium  fails 
to  separate  small  quantities  of  bisulphide  of  tin  from  large  quantities  of  sol- 
phide  of  mercury  or  sulphide  of  cadmium  (1 :  100) ;  and  that  more  especially 
the  separation  of  copper  from  tin  and  antimony  (also  from  orBenic)  by  this 
method  is  a  failure,  as  nearly  the  whole  of  the  tin  remains  with  the  copper.  The 
Uttter  statement  I  cannot  confirm,  for  Mr.  Lucius,  in  my  laboratory,  has  sue* 
ceeded  in  separating  copper  from  tin  by  mejins  of  yellowish  sulphide  of  sodium 
completely  ;  but  it  in  IndispenRable  to  digest  three  or  four  times  with  sufQcielntlj 
Uuge  quantities  of  the  solvent,  as  stated  in  the  text. 
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treated  with  water,  which  dissolves  the  sulphosalts  of  the  metals  of 
tlio  sixth  group,  leaving  the  sulphides  of  Groups  IV.  and  V.  undis- 
solved. By  this  means,  even  ignited  binoxide  of  tin  may  be  readily 
tested  for  iron,  &c.,  and  the  amount  of  the  admixture  determined 
(H.  Hose).  The  solution  of  the  sulphosalts  is  treated  as  in  127- 
in  the  presence  of  copper,  traces  of  die  sulphide  may  be  dissolved 
with  the  sulphides  of  Group  VI.  Occasionally  a  little  sulphide  of 
iron  dissolves,  coloring  the  solution  green.  In  that  case  add  some 
chloride  of  ammonium,  and  digest  till  the  solution  has  turned  yellow. 

B.  Special  MeUiods, 

1.  Insolubility  of  same  Metals  of  Ute  Sixth  Gh^oup  in  Acids. 

a.  Gold  from  Metals  of  Groups  IV.  and  V.  in  Alloys. 

a.  Boil  the  alloy  with  pure  nitric  acid  (not  too  concentrated),  or,  129 
atjcording  to  circumstances,  with  .hydrochloric  acid.  The  other 
metals  dissolve,  the  gold  is  left.  The  alloy  must  be  reduced  to  fil- 
ings, or  rolled  out  into  a  thin  sheet.  If  the  alloy  were  treated  with 
concentrated  nitric  acid,  and  at  a  temperature  below  boiling,  a  little 
gold  might  dissolve  in  consequence  of  the  co-operation  of  nitrous 
acid.  In  the  presence  of  silver  and  lead,  this  method  ifi  only  appli- 
cable when  they  amount  to  more  than  80  per  cent.,  since  otherwise 
they  are  not  completely  dissolved.  Alloys  of  silver  and  gold  con- 
taining less  than  80  per  cent,  of  silver  are  therefore  fused  together 
with  3  parts  of  lead,  before  they  are  treated  with  nitric  acid.  The 
residuary  gold  is  weighed ;  but  its  purity  must  be  ascertained,  bj 
dissolving  in  cold  dilute  nitrohydrochloric  acid,  not  in  concentrated 
hot  acid,  as  chloride  of  silver  also  is  soluble  in  the  latter. 

At  the  Mint  Conference  held  at  Vienna  in  1857,  the  following 
process  was  agreed  upon  for  the  mints  in  the  several  states  of  Ger- 
many. Add  to  1  part  of  gold,  suj>j)osod  to  be  present,  2^  parts  of 
pure  silver ;  wrap  both  the  alloy  and  the  silver  in  paper  together, 
and  introduce  into  a  cupel  in  which  the  requisite  amount  of  lead 
is  just  fusing.*  After  the  removal  of  the  lead  (by  absorption),  the 
button  of  gold  and  silver  is  flattened,  by  hammering  or  rolling,  then 
ignited,  and  rolled  ;  the  rolls  are  treated  first  with  nitric  acid  of 
1*2  sp.  gr.,  afterwards  with  nitric  acid  of  1'3  sp.  gr.,  rinsed,  ignited, 
and  weighed,  f 

13.  Heat  the  alloy  (previously  filed  or  rolled)  in  a  capacious  pla- 
tinum dish  with  a  mixture  of  2  parts  pure  concenti^ated  sulphuric 
acid  and  1  pai-t  water,  until  the  evolution  of  gas  has  ceased,  and  the 
sulphuric  acid  begins  to  volatilize ;  or  fuse  the  alloy  with  bisul- 
pliate  of  potassa  (H.  Rose).  Separate  the  gold  from  the  sulphates 
of  the  other  metals,  by  treating  the  mass  first  with  cold,  finally  with 
boiling  water.  It  is  advisable  to  repeat  the  operation  with  the 
separated  gold,  and  ultimately  test  the  purity  of  the  latter. 

•y.  The  methods  given  in  a  and  13  may  be  united,  t.«.,  the  cu- 
pelled and  thinly-rolled  metal  may  be  first  warmed  with  nitric  acid 

♦  If  the  weighed  sample,  say  0  25  grm  ,  contains  98-92J  gold,  3  grm.  of  lead 
are  required ;  if  92-87-5,  4  grin. ;  if  87-5-75,  5  grm.  ;  if  75-60,  6  grm.  ;  if  60-36, 
7  grm.  ;  if  less  than  85,  8  grm. 

t  Kunst-  und  Gcwerbeblatt  f.  Baiem,  1857.  VA  ;  Chem.  Centralbl.  1867,  307  < 
V  lyt  Centralbl.  1857,  1151,  1471,  1G;J9. 
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of  1*2  sp.  gr.,  then  thoroughly  washed,  the  gold  boiled  5  miinitos 
with  concentrated  sulphuric  acid,  washed  again,  and  ignited  (Mas- 

CAZZINI,  BUOATTI). 

b.  Platinum  from  Metals  of  Groups  IV.  and  V.,  in  Alloys. 

The  separation  is  effected  by  treating  with  sulphuric  acid;  or,  bet-130 
ter  still,  with  bisulphate  of  potassa  (129,  ^) ;  but  not  with  nitric 
acid,  as  platinum  in  alloys  will,  under  certain  circumstances,  dis- 
solve in  that  acid. 

2.  Separation  of  Gold  in  tJie  metallic  state, 

QoLD  FROM  ALL  OxiDES  OF  Groups  I. — V.,  with  the  exception 
of  Oxide  of  Lead  and  Oxide  of  Silver. 

Precipitate  the  hydrochloric  acid  solution  with  oxalic  acid  as  di-  131 
reeled  §  123,  6,  7,  or  with  sulphate  of  iron,  §  123,  6,  a,  and  filter 
off  the  gold  when  it  has  completely  separated.      Take  care  to  "add  a     • 
sufficient  quantity  of  hydrochloric  acid  to  prevent  oxalates  insolu- 
ble in  water  precipitating  along  with  the  gold,  for  want  of  a  solvent. 

3.  Precipitation  of  Platinum  as  Potassio-  or  Arrnnonio-hicldo  - 

ride  of  Platinum, 

Platinum  from  the  Oxides  of  Groups  IV.  and  V.,  with  the 
exception  of  Lead  and  Silver. 

Precipitate  the  platinum  with  chloride  of  potassium  or  chloride  132 
of  ammonium  as  directed  §  124,  and  wash  the  precipitate  thoroughly 
with  spirit  of  wine.  The  platinum  prepared  from  the  precipitated 
ammonium  or  potassium  salt  is  to  be  tested  after  being  weighed,  to 
see  whether  it  yields  any  metal  (especially  iron)  to  fusing  bisul- 
phate of  potassa. 

4.  Separation  of  Oxides  insoluble  in  N^itric  Acid, 

a.  Tin  from  Metals  of  Groups  IV.  and  V.  (not  from  Bismuth, 
Iron,  or  Manganese*)  in  Alloys. 

Treat  the  finely  divided  alloy,  or  the  metallic  powder  obtained  138 
by  reducing  the  oxides  in  a  stream  of  hydrogen  with  nitric  acid,  as 
directed  §  126,  1,  a.  The  filtrate  contains  the  other  metals  as 
nitrates.  As  binoxide  of  tin  is  liable  to  retain  traces  of  copper 
and  lead,  you  must,  in  an  accurate  analysis,  test  an  aliquot  part  of 
it  for  these  bodies,  and  determine  their  amount  as  directed  118  9^* 

Brunner  recommends  the  following  course  of  proceeding,  by 
which  the  presence  of  copper  in  the  tin  may  be  effectually  guarded 
against.  Dissolve  the  aUoy  in  a  mixture  of  1  part  of  nitiic  acid, 
4  parts  of  hydrochloric  acid,  and  5  parts  of  water ;  dilute  the  solu- 
tion largely  with  water,  and  heat  gently.  Add  crystals  of  carbon- 
ate of  soda  until  a  distinct  precipitate  has  formed,  and  boil.  (In 
presence  of  copper,  the  precipitate  must,  in  this  operation,  change 
from  its  original  bluish-green  to  a  brown  or  black  tint.)  When 
the  fluid  has  been  in  ebullition  some  10  or  15  minutes,  allow  it  to 
cool,  and  then  add  nitric  acid,  drop  by  drop,  until  the  reaction  is 

*  If  the  alloy  of  tin  contains  bismuth  or  manganese,  there  remains  with  the 
binoxide  of  tin  always  teroxide  of  bismuth  or  sesquioxide  of  manganese,  which 
•sannot  be  extracted  by  nitric  acid ;  if  it  contains  iron,  on  the  contrary,  some 
binoxide  of  tin  always  dissolves  with  the  iron,  and  cannot  be  separated  even  by 
repeated  evaporation^H  Rose,  Pogg.  Annal  cxii.  lOU,  170,  172;. 
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distinctly  acid ;  digest  the  precipitate  for  several  hours,  when  it 
should  have  acquired  a  pure  white  color.  The  binoxide  of  tin 
thus  obtained  is  free  from  copper ;  but  it  may  contain  some  iron, 
which  can  be  removed  as  directed  in  I289  ^• 

Before  th^  binoxide  of  tin  can  be  considered  pure,  it  must  be 
tested  also  for  silicic  acid,  as  it  frequently  retains  traces  of  this  sub- 
stance. To  this  end,  an  aliquot  part  is  fused  with  3 — 4  parts  of  car- 
bonate of  soda  and  potassa,  the  ^sed  mass  boiled  with  water,  and  the 
solution  filtered ;  hydrochloric  acid  is  then  added  to  the  filtrate, 
and,  should  silicic  acid  separate,  the  fiuid  is  filtered  off  from  this 
substance.  The  tin  is  then  precipitated  by  sulphuretted  hydrogen, 
and  the  silicic  acid  still  remaining  in  the  filtrate  is  detennined  in  the 
usual  way  (§  140).  If  hydrochloric  acid  has  [U'oduced  a  precipitate  of 
silicic  acid,  the  last  filtration  is  effected  on  the  same  filter  (Khittkl*). 

^.  Antimony  from  the  Metals  op  Groups   IV.  and  Y.  in 

A  LLOYS. 

Proceed  as  in  a,  filter  off"  the  precipitate,  and  convert  it  by  igni- 
tion into  antimoniate  of  teroxide  of  antimony  (§  125,  2).  Results 
only  approximative,  as  a  little  teroxide  of  antimony  dissolves. 
Alloys  of  antimony  and  lead,  containing  the  former  metal  in  ex- 
cess, should  be  previously  fused  with  a  weighed  quantity  of  pure 
lead  (VARRENTRAPpf).      [See  Tookey,  Joum.  Chem.  Soc.  xv.  464.] 

5.  I^recipitation  of  Binoxide  of  Tin  hy  Neutral  Salts  (e.  g., 
SidplhoU  of  Soda)  or  hy  Sulphuric  Add, 

Tin  from  the  Oxides  op  Groups  I.,  11.,  III. ;  also  from  Pro- 
toxide OP  Manganese,  Oxide  op  Zinc,  Protoxides  of  Nickel 
AND  Cobalt,  Oxide  of  Copper  (Teroxide  of  Gold). 

Precipitate  the  hydrochloric  acid  solution,  which  must  contain  134 
the  tin  entirely  as  binoxide  (bichloride),  according  to  §  126,  1,  6, 
by  nitrate  of  ammonia  or  sulphate  of  soda  (Lowenthal),  or  by  sul- 
phuric acid,  which,  H.  Rose  says,  answers  equally  well.  AUoys 
are  treated  as  follows : — First,  oxidize  by  digestion  with  nitric  acid ; 
when  no  more  action  takes  place,  evaporate  the  greater  portion  of 
the  nitric  acid  in  a  porcelain  dish,  moisten  the  mass  with  strong 
hydrochloric  acid,  and  after  half  an  hour  add  water,  in  which  the 
inetachloride  of  tin  and  the  other  chlorides  dissolve.  Alloys  of  tin 
and  gold  are  dissolved  in  aq\ia  rcgia,  the  excess  of  acid  evaporated, 
mid  the  solution  diluted  w^ith  much  water,  before  precipitating 
with  sulphuric  acid. 

It  must  be  remembered  that  in  this  process  any  phosphoric  acid 
.  that  may  be  present  is  pi*ecipitated  entirely  or  partially  with  the 
binoxide  of  tin.  After  the  pi-ecipitate  has  been  well  washed  by 
decantation,  Lowenthal  recommends  to  boil  with  a  mixture  of  1 
part  niti-ic  acid  (sp.  gr.  1*2)  and  9  parts  water,  then  to  transfer 
to  the  filter,  and  wash  thoroughly.  Results  very  satisfactory.  If 
the  fluid  contains  sesquioxide  of  iron,  a  portion  of  the  latter  always 
falls  down  with  the  tin.  Hence  the  binoxide  of  tin  must  be  tested 
for  iron  according  to  128,  /^,  and  if  present,  its  amount  must  be 
determined  and  deducted. 


*  Chem.  Centralbl.  1857,  029.  f  Dmgler's  polyt.  Joum.  158,  310. 


s 


164.1  OXIDES  OF  GROUP  VI.  393 


6.  TnaoltibUU^  of  Sulphide  of  Mercfwry  in  Hydrochloric  Acid, 

MSRCUBY   FROM   ANTIMONY. 

I>igeat  tlie  precipitated  sulphides  with  moderately  strong  hydro- 135 
cHloric  acid  in  a  distilling  apparatus.  The  sulphide  of  antimony  dis- 
Rolves,  while  the  sulphide  of  mercury  remains  behind.  Expel  all 
the  hjdrosalphuric  acid,  then  add  tartaric  acid,  dilute,  filter,  mix  the 
filtrate  with  the  distillate  which  contains  a  little  antimony,  and  pre- 
cipitate with  sulphuretted  hydrogen.  The  sulphide  of  mercury  may 
be  weighed  as  such  (F.  Field"^). 

7.  Conversion  of  Arsenic  and  Antimony  into  Alkaline  Arse- 

nicUe  and  Antimoniate, 

a.  Arsenic  from  the  Metals  and  Oxides  of  Groups  H.,  IY., 

AND  V. 

If  you  have  to  do  with  arsenites  or  arseniates,  fuse  with  3  parts  186 
of  carbonate  of  soda  and  potassa  and  1  part  of  nitrate  of  potassa ; 
if  an  alloy  has  to  be  analyzed  it  is  fused  with  3  parts  of  carbonate 
of  soda  and  3  parts  of  nitrate  of  potassa.  In  either  case  the  residue 
is  boiled  with  water,  and  the  solution,  which  contains  the  arseniates 
of  the  alkalies,  filtered  from  the  undissolved  oxides  or  carbonates. 
The  arsenic  acid  is  determined  in  the  filtrate  as  directed  §  127,  2.  If 
the  quantity  of  arsenic  is  only  small,  the  fusion  may  be  effected  in  a 
platinum  crucible  ;  but  if  more  considei*able,  the  process  must  be 
conducted  in  a  porcelain  crucible,  as  platinum  would  be  injuriously 
affected  by  it.  In  the  latter  case,  bear  in  mind  that  the  fused  mass 
is  contaminated  with  silicic  acid  and  alumina.  If  the  alloy  contains 
much  arsenic  a  small  quantity  may  be  readily  lost  by  volatilization, 
even  though  the  operation  be  cautiously  conducted.  In  such  a  case, 
therefore,  it  is  better  first  to  oxidize  with  nitric  acid,  then  to  evapo- 
rate, and  to  fuse  the  residue  as  above  directed  with  carbonate  of  soda 
and  nitrate  of  potassa. 

h.  Arsenic  and  Antimony  from  Copper  and  Iron,  especially 
in  ores  containing  sulphur. 

Diffuse  the  very  finely  pulverized  mineral  through  pure  solution  187 
of  potassa,  and  conduct  chlorine  into  the  fluid  (comp.  p.  327,  -4,  6). 
The  iron  and  copper  separate  as  oxides,  the  solution  contains  sulphate, 
arseniate,  and  antimoniate  of  potassa  (Rivot,  Beudant,  and  DAGUiNf ). 

e.  Arsenic  and  Antimony  from  Cobalt  and  Nickel. 

Dilute  the  nitric  acid  solution  with  water,  add  a  large  excess  of  188 
potassa,  heat  gently,  and  conduct  chloriifB  into  the  fluid  until  the  pre- 
cipitate is  black.   The  solution  contains  the  whole  of  the  arsenic  and 
•  antimony,  the  precipitate  the  nickel  and  cobalt,  in  form  of  sesqui* 
oxide  (RrvoT,  Beudant,  and  Daouin,  loc,  cit.) 

8.    Volatility  of  certain  Chlorides  or  Metals. 

a.  Tin,   Antimony,   Arsenic    from    Copper,    Silver,   Lead, 
Oobalt,  Nickel. 

Treat  the  sulphides  with  a  stream  of  chlorine,  proceeding  exactly  139 

•  Quart.  Joum.  Chem.  Soc.  12,  32. 

f  Compj;.  rend.  1858,  885 ;  Journ.  f.  prakt.  Chem.  61, 138. 
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as  directed  in  HQ.  In  presence  of  antimony,  fill  the  tubes  E  and 
F  (^g,  68)  with  a  solution  of  tartaric  acid  in  water,  mixed  with 
hydrochloric  acid.  The  metals  may  be  also  separated  by  this  method 
in  alloys.  The  alloy  must  be  very  finely  divided.  Arsenical  alloys 
are  only  very  slowly  decomposed  in  this  way.  If  tin  and  copper  are 
separated  in  this  manner,  according  to  the  experience  of  H.  Rose,*  a 
small  trace  of  tin  remains  with  the  chloride  of  copper.  [See  Tookey^ 
Joum.  Chem.  Soc.  xv.,  466.] 

6.  BiNOxiDE  OF  Tin,  Teroxide  op  Antimony  (and  also  Anti- 
MONic  Acid),  Arsenious,  and  Arsenic  Acids,  frou  Alkalies 
AND  Alkaline  Earths. 

Mix  the  solid  compound  with  5  parts  of  pure  chloride  of  am- 140 
monium  in  powder,  in  a  porcelain  crucible,  cover  this  with  a  concave 
platinum  lid,  on  which  some  chloride  of  ammonium  is  sprinkled,  and 
ignite  gently  until  all  chloride  of  ammonium  is  driven  off;  mix  the 
contents  of  the  crucible  with  a  fresh  poi-tion  of  that  salt,  and  repeat 
the  opei*ation  until  the  weight  remains  constant.  In  this  process,  the 
chlorides  of  tin,  antimony,  and  arsenic,  escape,  leaving  the  chlorides 
of  the  alkaline  and  alkaline  eailhy  metals.  The  decomposition  pro- 
ceeds most  rapidly  with  alkaline  salts.  With  regard  to  alkaline 
earthy  salts  it  is  to  be  observed  that  those  which  contain  antimonic 
acid  or  binoxide  of  tin  are  generally  decomposed  completely  by  a 
double  ignition  with  chloride  of  anmionium  (magnesia  alone  cannot 
be  separated  perfectly  from  antimonic  acid  by  this  method).  The 
alkaline  earthy  arseniates  are  the  most  troublesome ;  the  baryta, 
strontia,  and  lime  salts  usually  require  to  be  subjected  5  times  to  the 
operation,  before  they  are  free  from  arsenic,  and  the  arseniate  of 
magnesia  it  is  impossible  thoroughly  to  decompose  in  this  way  (H. 
KosEf). 

c.  Mercury  from  Gold  (Silver,  and  generally  from  the 
NoN- volatile  Metals). 

Heat  the  weighed  alloy  in  a  porcelain  crucible,  ignite  till  the  141 
weight  is  constant,  and  determine  the  mercury  from  the  loss.  If  it 
is  desired  to  estimate  it  directly,  the  apparatus,  fig.  50,  p.  222,  may 
be  used.  In  cases  where  the  separation  of  mercury  from  metals  that 
oxidize  on  ignition  in  the  air  is  to  be  effected  by  this  method,  the 
operation  must  be  conducted  in  an  atmosphere  of  hydrogen  (p.  181, 
fig.  47). 

9.    Volatility  of  Svlphide  of  Arsenic, 

Arsenic  Acid  from  the  Oxides  of  Manganese,  Iron,  Zinc, 
Lead,  Copper,  Nickel,  Cobalt  (not  of  Silver,  Aluminum,  or 
Magnesium). 

Mix  the  arsenic  acid  compound  (no  matter  whether  it  has  been  142 
air-dried  or  gently  ignited)  w4th  sulphur,  and  ignite  under  a  good 
draught  in  an  atmosphere  of  hydrogen  (p.  181,  fig.  47 ;  the  per- 
forated lid  must  in  this  case  be  of  porcelain).  The  whole  of  the 
arsenic  volatilizes,  the  sulphides  of  maganese,  iron,  zinc,  lead,  and 
cx)pper  remain  behind ;  they  may  be  weighed  directly.  After  weigh- 
ing, add  a  fresh  quantity  of  sulphur  to  the  residue,  ignite  as  before, 

*  Pogg.  AnnaL  112,  169.  f  Ihid.  73,  582 ;  74,  578  ;  112,  173. 
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and  weigh  again ;  repeat  this  operation  until  the  weight  remains 
eontstant.  Usually,  if  the  compound  was  intimately  mixed  with 
the  sulphur,  the  conversion  of  the  arseniate  into  sulphide  is  com- 
plete after  the  first  ignition.     Kesults  very  good. 

In  separating  nickel  tl^e  analyst  will  remember  that  the  residue 
cannot  be  weighed  directly,  since  it  does  not  possess  a  constant  com- 
position ;  hence  the  ignition  in  hydrogen  may  be  saved ;  arseniate 
of  nickel  loses  all  its  arsenic  on  being  simply  mixed  with  sulphur  and 
heated.  The  heat  should  be  moderate  and  continued,  till  no  more 
red  sulphide  of  arsenic  is  visible  on  the  inside  of  the  porcelain 
cracible.  It  is  advisable  to  repeat  the  operation.  The  separation  of 
arsenic  from  cohcdt  cannot  be  completely  effected  in  this  manner  even 
by  repeated  treatment  with  sulphur,  but  it  can  be  effected  by  oxidiz- 
ing the  residue  with  nitric  acid,  evaporating  to  diy ness,  mixing  with 
sulphur,  and  re-igniting.  Smaltine  and  cobaltine  must  be  treated  in 
the  same  manner  (H.  Rose*).  I  should  not  forget  to  mention  that 
Cbelxen,!  a  long  while  ago,  noticed  the  separation  of  arsenic  acid 
from  sesquioxide  of  iron  by  ignition  in  a  stream  of  sulphuretted  hy- 
drogen. 

10.  Separation   of  Arsenic  as  Arseniate  of  Magnesia  and 
Ammonia.  • 

Arsenic  Acid  from  Oxide  of  Copper,  Oxide  or  Cadmium, 
Sesquioxide  of  Iron,  Protoxide  of  Manganese,  Protoxide  of 
Nickel,  Protoxide  of  Cobalt,  Alumina. 

Mix  the  hydrochloric  acid  solution,  which  must  contain  the  whole  148 
of  the  arsenic  in  the  form  of  arsenic  acid,  with  enough  tartaric  acid  to 
prevent  precipitation  by  ammonia,  precipitate  the  arsenic  acid  accord- 
ing to  §  127,  2,  as  arseniate  of  magnesia  and  ammonia,  allow  to  settle, 
filter,  wash  once  with  a  mixture  of  3  parts  water  and  1  part  ammonia, 
redissolve  in  hydrochloric  acid,  add  a  very  minute  quantity  of  tar- 
taric acid,  supersaturate  again  with  ammonia,  allow  to  deposit,  and 
determine  the  now  pure  precipitate  according  to  §  127,  2.  In  the 
filtrate  the  bases  of  Groups  IV.  and  V.  may  be  precipitated  by  sulphide 
of  ammonium ;  if  almnina  is  present,  evaporate  the  solution  filtered 
from  the  sulphides  with  addition  of  carbonate  of  soda  and  a  little 
nitre  to  dryness,  fuse,  and  estimate  the  alumina  in  the  residue.  The 
method  is  more  adapted  to  the  separation  of  rather  large  than  of  very 
small  quantities  of  arsenic  from  the  above  named  oxides,  since  in  the 
case  of  small  quantities  the  minute  portions  of  arseniate  of  magnesia 
and  ammonia  that  remain  in  solution  may  exercise  a  considerable 
influence  on  the  acciuracy  of  the  result.  [See  Editor's  note  to 
§  135  e,  a.] 

11.  Separation  of  Arsenic  as  Arseniomolyhdate  of  Ammonia. 

Absenio  Acid  from  all  Oxides  of  Groups  I. — ^V. 

Separate  the  arsenic  acid  as  directed  in  §  127, 2,  5 ;  long  continued  14^ 
heatiog  at  100^  is  indispensable.     The  determination  of  the  bases  is 
most  conveniently  efiected  in  a  special  portion  (comp.  §  135,  k.) 

*  Zeitschrift  f.  anal.  Chem.  1,  413. 

t  Anal,  de  Chim.  et  de  Phys.  (3)  xxv.  98. 
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12.  JnaohMlity  ofArteniaie  of  Seaquumde  of  Iron. 

Arsenic  Acid  from  thi  Bases  of  Oboups  L  ani)  IL,  Aim 
FROM  Oxide  of  Znrc,  aivd  the  Protoxidbs  of  "MAvaAimin^  Nigkel, 
AND  CoBAi;r. 

Precipitate  the  arsenic  aoid^  according  to  fircumstances,  as  di- 146 
meted  §  127, 3,  a  or  6,  filter,  and  determine  the  hases  in  the  filtrate. 

13.  MeAodi  btued  upon  the  JnaoMnlUy  of  tome  Chlorides. 

a.  Silver  from  Gold. 

Treat  tiie  alloy  with  cold  dilate  nitarohydrochloiio  acid,  dilute,  and  146 
filter  the  solution  of  the  terchloiide  of  gold  from  the  undissolved 
chloride  of  silver.  This  method  is  i^plicable  onlj  if  the  alloy  con- 
tains less  than  15  per  cent,  of  silver ;  for  if  it  contains  a  larger 
proportion,  the  chloride  of  silver  which  forms  protects  the  unde- 
composed  part  from  the  action  of  the  add.  In  the  same  way  silver 
may  be  separated  also  from,  platinum. 

b.  Oxide  of  Mercury  from  the  Oxygen  (Toxpounds  of  Arsenic 
AND  Antixont. 

Precipitate  the  mereury  from  the  hydrochloric  solution  by  means  147 
of  phosphorous  acid  as  subchloride  (§118,  2,  a).    The  tartaric  acid, 
which  in  the  presence  of  antimony  must  be  added,  does  not  inter- 
fere with  the  reaction  (SL  Bose*). 

14.  InfolubUiiy  of  certain  Sulphates  in  Water  or.  Spirit  of 

Wine. 

a.  Arsenic  Acm  from  Bartta,  Strontia,  Lime^  and  Oxide  of 
Lead. 

Proceed  as  for  the  separation  of  phosphoric  acid  from  the  same  148 
oxides  (§  135,  b).     The  compounds  of  these  bases  with  arMenious 
acid  are  first  converted  into  arseniates,  before  the  sulphuric  acid  is 
added ;  this  conversion  is  effected  by  heating  the  hydrochloric  acid 
solution  with  chlorate  of  potassa. 

b.  Antimony  from  Lead. 

Treat  the  alloy  with  a  mixture  of  nitric  and  tartaric  adds.  The  149 
solution  of  both  metals  takes  place  rapidly  and  with  ease.  Preci- 
pitate the  greater  part  of  the  lead  as  sulphate  (§  116,  3),  filter,  pre- 
cipitate with  sulphuretted  hydrogen,  and  treat  the  sulphides  ac- 
cording to  128  ^ith  sulphide  of  ammonium,  in  order  to  separate 
the  antimony  from  the  lead  left  unprecipitated  by  the  sulphuric  acid 

(A.  STRENOf ). 

15.  I^ifferent  deportment  with  Cyanide  of  JPoiassium. 

OoLD  FROM  Lead  and  Bismuth. 

These  metals  maybe  separated  in  solution  by  cyanide  of  potassium  150 
in  the  same  way  in  which  the  separation  of  mercury  from  lead  and 
bismuth  is  effected  (see  109)*  ^^  solution  of  the  double  cyanide 
of  gold  and  potassium  is  decomposed  by  boiling  with  aqua  regia, 
and,  after  expulsion  of  the  hydrocyanic  acid,  the  gold  determined 
by  one  of  the  methods  given  in  §  123. 

*  Pogg.  AnnaL  110,  536.  f  I^infiT-  polyt.  Joorn.  151,  889. 
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LL    Separation  of  the  Oxides  of  the  Sixth  Group  from  each 

OTHEB. 

§  165. 

Indix : — The  Nos.  refer  to  those  in  the  marefin. 

I^aHnum  from  gold,  151,  162. 

'*  tin,  antimony,  and  arsenic,  152. 

G'oM  from  platinum,  151  f  162. 
*'  tin,  152,  161. 

*'  antimony  and  arsenic,  152. 

2%n  from  platinum,  152. 
"  gold,  134,  152,  161, 

"  arsenic,  153, 157,  158,  160,  163. 

«*  antimony,  154,  159,  160. 

Protoxide  of  tin  from  the  binoxide,  166. 
Antimony  from  platinum  and  gold,  152. 
"  arsenic,  154,  155,  158. 

"  tin,  154,  159,  160. 

Teroxide  of  antimony  from  antimonic  acid,  165. 
Arsenic  from  platinum  and  gold,  152. 

"  tin,  153,  157, 158,  160,  163. 

"  antimony,  154,  155,  158. 

Arsenious  acid  from  arsenic  acid.  156,  164. 

1.  JPrecipitation  of  Platinum  as  Potaaaiohichloride  of  Plat- 

inum. 

Platinum  from  Gold. 

Precipitate  from  the  solution  of  the  chlorides  the  platinum  as  di-151 
rected  8  124,  6,  and  determine  the  gold  in  the  filtrate  as  directed 
§  123,  6. 

2.  VoUuUity  of  the  Chlorides  of  the  inferior  Metals, 

Platinum  and  Gold  from  Tin,  Antimony,  and  Arsenic. 

Heat  the  finely  divided  alloy  or  the  sulphides  in  a  stream  of  chlo-152 
line  gas.     Gold  and  platinum  are  left,  the  chlorides  of  the  other 
metals  volatilize  (compare  60)  • 

3.  VokUiUty  of  Arsenic  and  Tersvlphide  of  Arsenic, 

a.  Arsenic  from  Tin  (H.  Rose). 

Convert  into  sulphides  or  into  oxides,  dry  at  100°,  and  heat  a  168 
weighed  portion  with  addition  of  a  little  sulphur  in  a  bulb-tube  or 
tray,  gently  at  first,  but  gradually  more  strongly,  conducting  a 
stream  of  dry  sulphuretted  hydrogen  gas  through  the  tube  during 
the  operation.  Sulphur  and  tersulphide  of  arsehic  volatilize,  sul- 
phide of  tin  is  left.  The  tersulphide  of  arsenic  is  received  in  U- 
tnbes  containing  dilute  ammonia,  which  are  connected  with  the 
bulb-tube,  in  the  manner  described  in  119 •  When  upon  continued 
application  of  heat  no  sign  of  further  sublimation  is  observed  in  the 
colder  part  of  the  bulb-tube,  drive  off  the  sublimate  which  has  col- 
lected in  the  bulb,  allow  the  tube  to  cool,  and  then  cut  it  oft'  above 
the  coating.  Divide  the  separated  portion  of  the  tube  into  pieces, 
and  heat  these  with  a  little  solution  of  soda  until  the  sublimate  is 
dissolved  ;  unite  the  solution  with  the  ammoniacal  fluid  in  the  re- 
ceiver, add  hydrochloric  acid,  then,  without  filtering,  chlorate  of 


398  miPABATioy.  [§  If^ 

JM.^i'  va,  ftiid  b«4it  gimtlj  until  the  temilpliide  of  anenic  is  complete 
y  «<iv>lre4L  Filter  from  the  salphtu-y  and  determine  the  arsenic 
nn  tlh't'^^thd  §  127,  2.  The  qnantitT  of  tin  cannot  be  calculated  at 
ouc*'.  from  the  blackish -brown  sulphide  of  tin  in  the  bulb,  since  this 
c^mtaius  more  sulphur  than  corresponds  to  the  formula  Sn  S.  It  is 
lli«;refore  weighed,  and  the  tin  determined  in  a  weijdied  portion  of 
it,  \fy  converting  it  into  binoxide,  which  is  effected  bj  moistening 
with  nitric  acid,  and  roasting  (§  126,  1,  c). 

Tin  and  arsenic  in  alloys  are  more  conveniently  converted  into 
oxidf^  by  cautious  treatment  with  nitric  acid«  If,  however,  it  is 
wished  to  convert  them  into  sulphides,  this  may  readily  be  effected 
by  heating  1  part  of  the  finely  divided  aUoy  with  5  parts  of  car- 
Ixmate  of  soda,  and  5  parts  of  sulphur,  in  a  covered  porcelain  cru- 
cible, until  the  mass  is  in  a  state  of  calm  fusion.  It  is  then  dis- 
•olvfxl  in  water,  the  solution  filtered  from  the  sulphide  of  iron,  <fcc., 
which  may  possibly  have  formed,  and  the  filtrate  precipitated  with 
hydrochloric  acid. 

If  the  tin  only  in  the  alloy  is  to  be  estimated  directly,  while  the 
arsenic  is  to  be  fotmd  from  tiie  difference,  convert  as  above  directed 
into  Hulphides  or  oxides,  mix  with  sulphur  and  ignite  in  a  porcelain 
crucible  with  perforated  cover  in  a  stream  of  sulphuretted  hydro- 
gen. The  residual  arsenic-free  protosulphide  of  tin  is  to  be  con- 
verted into  binoxide  and  weighed  as  such. 

4.  Methods  based  upon  the  insolvhUity  of  AntimonicUe  of  Soda* 
a,  ANTiMoinr  from  Tin  and  Arsenic  (H.  Rose). 

If  the  substance  is  metallic,  oxidize  the  finely  divided  weighed  154 
samj)le,  in  a  porcelain  crucible,  with  nitric  acid  of  1*4  sp.  gr.,  adding 
tho  acid  gradually.  Dry  the  mass  on  the  water-bath,  transfer  to  a 
silvfT  crucible,  rinsing  the  last  particles  adhering  to  the  porcelain 
into  tli(i  silver  cnicible  with  solution  of  soda,  dry  again,  add  eight 
timf!H  the  bulk  of  tho  mass  of  solid  hydrate  of  soda,  and  fuse  for 
HoiiH*  time.  Allow  the  mass  to  cool,  and  then  treat  with  hot  water 
until  th<i  undissolved  residue  presents  the  appearance  of  a  fine 
y)()wdrT ;  dilute  with  some  water,  and  add  one  third  the  volume  of 
alcohol  of  O'H.'i  sp.  gr.  Allow  the  mixture  to  stand  for  24  hours, 
with  fre(jU(>nt  stirring ;  then  filter,  transfer  the  last  adhering  parti- 
c\i\H  from  the  crucible  to  tho  filter  by  rinsing  with  dilute  spirit  of 
wine  (1  vol.  alcohol  to  3  vol.  water),  and  wash  the  undissolved 
residue  on  the  filt^'r,  first  with  spirit  of  wine  containing  1  vol.  alco- 
hol to  2  vol.  wat<^r,  then  with  a  mixture  of  equal  volumes  of  alcohol 
and  waU'r,  and  finally  with  a  mixture  of  3  vol.  alcohol  and  1  vol. 
water.  Add  to  each  of  the  alcoholic  fluids  used  for  washing  a  few 
dr()]>s  of  solution  of  carbonate  of  soda.  Continue  the  washing 
until  the  cok)r  of  a  portion  of  the  fluid  running  oflf  remains  unal- 
t^u-ed  upon  being  acidified  with  hydrochloric  acid  and  mixed  with 
sulphuretted  hydrogen  water. 

Hi  1180  the  antimoniate  of  soda  from  the  filter,  wash  the  latter 
with  a  mixture  of  hydrochloric  and  tartaric  acids,  dissolve  the  an- 
timoniate in  this  mixture,  precipitate  with  sulphuretted  hydrogen, 
and  determine  the  antimony  as  directed  §  125,  1. 

To  tho  tilti*ato,  which  contains  tho  tin  and  arsenic,  add  hydro- 
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chloric  acid,  which  produces  a  precipitate  of  arseniate  of  binoxide 
of  tin  ;  conduct  now  into  the  unfiltered  fluid  sulphuretted  hydrogen 
for  some  time,  allow  the  mixture  to  stand  at  rest  until  the  odor  of 
that  gas  has  almost  completely  gone  off,  and  separate  the  weighed 
sulphides  of  the  metals  which  contain  free  sulphur,  as  in  153. 

If  the  substance  contains  only  antimony  and  arsenic^  the  alco- 
holic filtrate  is  heated,  with  repeated  addition  of  water,  until  it 
scarcely  retains  the  odor  of  alcohol ;  hydrochloric  acid  is  then 
added,  and  the  arsenic  acid  determined  as  arseniate  of  magnesia 
and  ammonia  (§  127,  2). 

6.  Small  quantities  of  the  sulphides  of  ai'senic  and  antimony 
mixed  with  sulphur  are  often  obtained  in  mineral  analysis.  The 
two  metals  may  in  this  case  be  conveniently  separated  as  follows : 
Oxidize  the  precipitate  with  chlorine-free  red  fuming  nitric  acid, 
evaporate  the  solution  nearly  to  dryness ;  mix  the  residue  with  a 
copious  excess  of  carbonate  of  soda,  add  some  nitrate  of  soda,  and 
treat  the  fused  mass  as  given  in  a.  If,  on  the  other  hand,  you  have 
a  mixture  of  sulphides  of  tin  and  antimony  to  analyze,  oxidize  it 
with  nitric  acid  of  1*5  sp.  gr.,  and  treat  the  residue  obtained  on 
evaporation  as  given  in  a, 

5.  JPrecipitation    of    Arsenic    as     Arseniate    of  Ammonia- 
Magnesia, 

a.  Arsenic  from  Antimony. 

Oxidize  the  metals  or  sulphides  with  nitrohydrochloric  acid  or  155 
hydrochloric  acid  and  chlorate  of  potassa,  or  with  chlorine  in  alka- 
line solution  (p.  827,  ^>  ^)  >  ^^  tartaric  acid,  a  large  quantity  of 
chloride  of  ammonium,  and  then  ammonia  in  excess.  (Should  the 
addition  of  the  latter  reagent  produce  a  precipitate,  this  is  a  proof 
that  an  insufficient  quantity  of  chloride  of  ammonium  or  of  tartaric 
acid  has  been  used,  which  error  must  be  corrected  before  proceeding 
with  the  analysis.)  Then  precipitate  the  arsenic  acid  as  directed 
§  127,  2,  and  determine  the  antimony  in  the  filtrate  as  directed 
in  §  125,  1.  As  basic  tartrate  of  magnesia  might  precipitate  with 
the  arseniate  of  magnesia  and  ammonia,  the  precipitate  should 
always,  after  slight  washing,  be  redissolved  in  hydrochloric  acid, 
and  the  solution  reprecipitated  with  ammonia. — An  excellent 
method. 

b.  Arsenious  Acid  from  Arsenic  Acid. 

Mix  the  sufficiently  dilute  solution  with  a  large  quantity  of  chlo- 156 
ride  of  ammonium,  precipitate  the  arsenic  acid  as  directed  §127,2, 
and  determine  the  arsenious  acid  in  the  filtrate  by  precipitation 
with  sulphuretted  hydrogen  (§  127,4).  Ludwig*  has  observed  that 
if  the  solution  is  too  concentrated,  arsenite  of  magnesia  falls  down 
with  the  arseniate  of  magnesia  and  ammonia,  hence  it  is  necessary 
to  dissolve  the  weighed  magnesia  precipitate  in  hydrochloric  acid 
and  test  the  solution  with  sulphuretted  hydrogen.  The  presence  of 
arsenious  acid  will  be  betrayed  by  the  inmiediate  formation  of  a 
precipitate. 

♦  Archiv  fiir  Pharm.  97,  24. 
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c  Bnoziiiv  or  Thi  wmom  Asmnc  Acid  (Lmnai*). 

Tlie  oxides  obbdned  hf  irndtOkm  villi  nitric  add  ate  digmtedU^ 
with  anmaiiu  and  jeDow  wilphide  of  annMUimi,  and  tke  aaenic 
preopitated  fram  the  clear  aolntiooaoeoffding  to  §  137,  f^aa  anenl- 
miat  tk  fn«gnw««  aim!  MnmnmSA^      On  acidifyiDg  the  fiHiiite  the  tlM 

Mepontea  aa  bunlphide. 

6.  Beharufr  of  Oe  SuiphUet  towardg  BimJpkUe  of  1\4^^ 

Aaanric  nuw  Axtimovt  Asn>  Tor  (Bmnssf). 

If  frefdily  pfecipitated  sulphide  of  anenic  la  digested  with  aol-US 
pfaaraus  acid  and  sulphite  of  potaaaa,  the  precipitate  ia  dissolTed ; 
on  boiling,  the  fluid  liecomes  turbid  horn  separated  snlphnr,  which 
turbidity  for  the  most  part  diaappears  again  on  long  bmling*  The 
fluid  contains,  after  expulsion  of  the  su^khurous  acid,  azaenite  and 
hyposulphite  of  potassa. 

|2AsSt+8(KO,2SO,)=2(KO,AsQ,)+6(KO,S.O.)+9i+7SO.] 

Hie  sulphides  of  antimony  and  tin  do  not  exhibit  this  reaction. 
Both  therefore  may  be  separated  from  sulphide  of  areenic  by  pre- 
cipitating the  solution  of  the  three  sulphides  in  sul|^de  of  potas- 
sium with  a  large  excess  of  aqueous  sulphurous  acid,  digesting  the 
whole  for  some  time  in  a  water-bath,  and  then  boiling  till  two- 
thirds  of  the  water  and  the  whole  of  the  sulphurous  add  are  ex- 
pelled. The  residuary  sulphide  of  antimony  or  tin  is  arsenic-free, 
the  filtrate  contains  the  whole  of  the  anenic  and  may  be  immedi- 
ately precipitated  with  sulphuretted  hydrogen.  Buvsen  detemkinee 
the  arsenic  by  oxidizing  the  dried  sulphide  together  with  the  filter 
with /umin^  nitric  add,  diluting  the  solution  a  little,  wanning  oew- 
U^  with  a  httle  chlorate  of  polassa  (in  order  to  oxidize  more  mlly 
the  substances  fonned  from  the  paper),  and  finally  precipitating  as 
arsoniato  of  magnesia  and  ammonia. 

With  regard  to  the  separation  of  sulphide  of  tin  from  the  solu- 
tion of  arsouite  of  j>ota88a  it  is  to  be  observed,  that  the  sulphide 
of  tin  must  be  washed  with  concentrated  solution  of  chloride  of 
sodium,  as,  if  water  were  used,  the  fluid  would  run  through  tur- 
bid. As  soon  as  the  predpitate  is  thoroughly  washed  with  the  chlo- 
ride of  sodium  solution,  the  latter  is  displaced  by  solution  of  ace- 
tate of  ammonia,  containing  a  slight  excess  of  acetic  add.  These 
last  washings  must  not  be  added  to  the  first,  as  the  acetate  of  am- 
monia hinders  the  complete  predpitation  of  the  arsenious  add  by 
sulphuretted  hydrogen. 

The  test-analyses  adduced  by  Bunsen  show  very  8atis£eLctory 
residts. 

7.  Methods  hosed  upon  the  Separation  of  the  Metals  themselves^ 
or  on  the  different  Deportment  oftlie  sanie  with  Acids, 

a.  Tin  prom  Antimony  [TooKEY,f  Classen  ||]. 

[The  alloy  or  mixture  must  contain  8 — 10  times  as  much  tin  as  169 
antimony.    If  need  be,  atld  a  weighed  amount  of  pure  tin,  to  estab- 
lisli  this  proportion. 

•  Annal.  d.  Chem.  u.  Pharm.  114,  116.        +  Ibid,  100,  8. 

%  Joum.  Chem.  Soo.  xv.  462.  j  Joum.  f.  prakt  Chem.  xdl  477. 
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Tbe  metals  are  dissolved  in  hydrochloric  acid  and  a  liti  le  nitric  acid, 
the  solution  is  heated  nearly  to  boiling,  and  then  piano  wire  (solu- 
ble ^thout  residue  in  acids)  added  little  by  little  as  long  as  any  iix>n 
diasolves.      It  is  necessary  that  no  excess  of  metallic  iron  remain. 
Therefore,  when  all  the  antimony  appears  to  be  thrown  down  and 
all  the  iron  dissolved,  add  a  little  hydrochloric  acid,  and  after  the 
precipitate  has  settled,  pour  off  the  clear  liquid  and  observe  whether 
iron  will  produce  any  further  precipitation.      It  is  thus  easy  to  be 
certain  that  all  the  antimony  is  separated,  and  that  it  is  unmixed 
with  metallic  iron.     Wash  the  antimony  with  hot  water  to  which 
at  first  a  few  drops  of  hydrochloric  acid  are  added.      Finally,  dis- 
place the  water  that  adheres  to  the  precipitate  by  means  of  absolute 
alcohol,  and  the  latter  by  a  few  drops  of  ether,  and  dry  at  100°. 
The  tin  is  separated  from  the  filtrate  by  sulphuretted  hydrogen.l 

h,  Muc:h  Tin  from  little  Antimony  and  Arsenic. 

If  an  alloy  of  the  three  metals  is  treated  in  a  veiy  finely  divided  160 
condition  in  a  stream  of  carbonic  acid  with  strong  hydrochloric 
acid,  the  whole  of  the  tin  dissolves  to  protochloride.  A  part  of 
the  arsenic  and  antimony  escapes  as  arsenetted  and  antimonetted 
hydrogen,  whilst  the  rest  remains  behind  in  the  state  of  metal,  or,  as 
the  case  may  be,  of  a  solid  combination  with  hydrogen.  Conduct 
the  gas  through  several  U-tubes,  containing  a  little  chlorine-free 
red  fuming  nitric  acid,  whereby  the  arsenic  and  antimony  will  be 
oxidized.  Wlien  the  solution  is  effected,  dilute  the  contents  of  the 
flask  with  air-free  water  to  a  certain  volume,  mix,  allow  to  settle 
and  determine  the  tin  in  an  aliquot  part,  either  gravimetrically 
or  volumetrically.  Filter  the  rest  of  the  fluid,  wash  the  precipitate 
thoroughly,  dry  the  filter  with  its  contents  in  a  porcelain  crucible, 
add  the  contents  of  the  U-tubes,  evaporate  to  dryness,  and  in  the 
residue  separate  the  antimony  and  arsenic  as  directed  164* 

e.  Tin  from  Gold. 

Gold  may  be  separated  from  excess  of  tin  by  boiling  the  finely  161 
divided  alloy  with  only  slightly  diluted  sulphuric  acid,  to  which 
hydrochloric  acid  has  been  cautiously  added.  The  tin  dissolves  as 
protochloride.  Heat  is  applied  till  the  sul{)huric  acid  begins  to 
volatilize  copiously.  Binoxide  of  tin  is  formed  which  dissolves  in 
the  concentrated  sulphuric  acid,  while  the  gold  remains  behind.  On 
addition  of  much  water,  the  binoxide  of  tin  falls,  mixed  with  finely 
divided  gold,  in  the  form  of  a  purple-red  precipitate.  On  warming 
with  concentrated  sulphuric  acid  the  binoxide  of  tin  finally  redis- 
solves  while  the  gold  is  left  pure  (H.  Rose*). 

rf.  Platinum  from  Gold. 

The  aqua  regia  solution  is  freed  as  far  as  possible  from  nitric  acid  162 
by  evaporation  with  hydrochloric  acid,  and  treated  with  a  solution 
of  protochloride  of  iron,  the  gold  being  determined  as  directed  § 
1 23,  h,      The  platinum  may  be  precipitated  from  the  filtrate  by  sul- 
phuretted hydrogen  according  to  §  124,  c, 

8.  Precipitation  of  Tin  as  Arseniate  of  the  Hinoxide. 
Tin  from  Arsenic.  " 

E.  Haffelyj  has  proposed  the  following   method  of  determin- 

^Pogrg.  AimaL  llM^a.  t  Phil.  Mag.  xT22b. 
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iiig  Uitli  thri  till  aiid  Uv>  anoiiio  in  commorrial  stnniitit«  of  sn<lii,I0J 
wliioh  ofien  coniaiiifl  a  Urge  ftduiixtnre  of  arscniati?  of  eoda.    Jlit  i 
'wHghed  BAtuplewith  aknownquautity  of  arBtiniat^of  Modain  excMS, 
will  uitric  acid  uIho  in  exci»a,  boil,  filter  off  the  pr^ipitate,  wliich      i 
IwH  the  compositioD  2  Sn  O,.,  As  O^+IO  aq.,  and  wash;  «\pel 
the  ivater  by  ignition,  and  weigh  the  residue,  which  conBints  of  2  Sn 
Uj,  As  O,.      In  the  liltrttte  determine  the  excess  of  arsenic  acid  u 
■dirv'iUid  §  137,  2.    The  amount  of  the  binoxide  of  tin  is  founJ  frnn 
tho  weight  of  the  pretdpitate,  tliat  of  the  urBenie  acid  is  obtabni 
by  adding  the  quantity  in  the  preuipitutti  to  tho  quBJitiTy  in  the£l- 
trstv,  and  deducting  the  quantity  &dded, 
3.    Voltimftrie  Melhodt, 

a.  AiiSENious  FROM  Arbbiiic  Acm. 

Convort  the  whole  of  the  arsenic  in  a  portion  of  the  siibsUsE^lH 
into  arsenic  acid  and  determine  the  totul  muount  of  tliis  as  diivrlni 
§  127,  S,  6  ;  determine  in  another  portion  the  arsenious  acid  OBiJi' 
lected  in  g  127,  5,  a,  and  calculate  the  arsenic  acid  from  the  dif- 
ference. 

h.  Teboside  o?  Astimont  fhoh  Antimonic  Acid, 

I>et«rmine  in  a  sajnple  of  the  Eubetiince  the  total  amount  of  die  105 
•ntimony  as  directed  §  125, 1,  in  another  portion  that  of  the  i#wii- 
Ide  as  dire(;t«d  g  125,  3,  and  calculate  the  antimonic  acid  fromtliB 
difference. 

e.  pROTOiciDi!  OF  Tin  tn  Pbebence  or  Bikoxide.  ^; 

In  one  portion  of  tho  substance  convert  the  whole  of  the  profM-lW 
ide  into  binoxide  by  digestion  n-ith  chlorine  water  or  some  nilif 
lueana,  and  .JrhTiniui.'  tlie  t.itiil  .[uantity  of  tin  aa  diif-cted  §  Vl(<. 
1,  6/  in  another  portion,  which,  if  necessary,  is  to  be  dissolTett  in 
hydrochloric  acid  in  a  stream  of  carbonic  acid,  detemune  the  pro 
toxide  according  to  §  126,  2. 

II.  sepaeation  of  the  acids  from  each  otheb. 

It  mtist  not  be  forgotten  that  the  following  methods  of  separstioii 
proceed  generally  upon  the  assumption  that  the  acids  exist  atbB' 
in  the  fi'ee  state,  or  in  combination  with  alkaline  bases ;  compii* 
the  introductory  remarks,  p.  887-  Where  several  adds  are  tot* 
determined  in  one  and  the  same  substance,  we  very  often  nsea*?- 
arat«  portion  for  each.  The  methods  here  given  do  not  embiW* 
every  imaginable  case,  but  only  the  most  important  casea,  and  thoW 
of  most  frequent  occurrence. 

FIRST  GROUP, 
UtSENtOUB  ACID — ARSENIC  ACID— CHROMIC  ACID-~8ULFHDKI0  ACIt>^ 

PHOSPHORIC  ACID BORACIC   ACID — OXALIC  ACID— HYDROTUIOtIO 

ACID SILICIC  ACID— CARBONIC   ACID. 

§  166.  • 
1.  Arsenious  Acid  and  Arsenic  Acid  froh  all  other  Acim. 
Precipitate  the  araenic  from  the  solution  by  means  of  sulphuretted  lo 
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ny(b'ogen  (§  127,  4,  a  or  5),  filter,  and  determine  the  other  acids  in 

^  filtrate.     It  must  be  remembered,  that  the  tersulphide  of  arsenic 

^l\  be  obtained  mixed  with  sulphur  if  chromic  acid,  sesquioxide  of 

^n,  or  any  other  substances  which  decompose  sulphuretted  hydro- 

S^n  are  present. 
From  those  acids  which  form  soluble  salts  with  magnesia,  arsenic 

9cid  may  be  separated  also  by  precipitation  as  arseniate  of  magnesia 

and  ammonia  as  directed  §  127,  2. 

2.  Sulphuric  Acid  from  all  the  other  Acids. 

«.    From  Arsenious^  Arsenic,  PhosphoriCy  JSoraciCy  Hydrofl/axyric^ 
Oxalic,  Silicic,  and  Carbonic  Acids,* 

Acidify  the  dilute  solution  strongly  with  hydrochloric  acid,  mix  168 
with  chloride  of  barium,  and  filter  the  sulphate  of  baryta  from  the 
solution,  which  contains  all  the  other  acids.     Determine  the  sulphate 
of  baryta  as  directed  §  132. 

If  acids  are  present  with  which  baryta  forms  salts  insoluble  in 
wa.ter  but  soluble  in  acids,  the  sulphate  of  baryta  is  apt  to  carry 
down  vrith  it  such  salts,  and  this  is  all  the  moi^e  liable  to  happen, 
the  longer  the  precipitate  is  allowed  to  settle.     This  I'emark  applies 
^\>eciiilly  to  the  oxalate  and  tartrate  of  baryta  and  the  baryta  salts 
of  other  organic  acids  (H.  Rose).    In  such  cases  I  would  recommend, 
after  washing,  to  stop  up  the  neck  of  the  funnel,  and  digest  the  pre- 
cipitate with  a  solution  of  bicarbonate  of  soda,  then  to  wash  with 
water,  with  dilute  hydrochloric  acid,  and  again  with  water.     In 
every  case,  however,  the  purity  of  the  weighed  sulphate  of  baryta 
must  be  tested  as  directed  §  132,  1. 

b.  I*Vom  Hydrofluoric  Acid  in  Znsoluble  Compounds. 

A  mixture  of  sulphate  of  baryta  and  fluoride  of  calcium  cannot  169 
be  decomposed  by  simple  treatment  with  hydrochloric  acid  ;  the  in- 
soluble residue  contains,  besides  sulphate  of  baryta,  sulphate  of  lime 
and  fluoride  of  barium.  The  object  in  view  may  be  attained,  how- 
ever, by  tlie  following  process : — Fuse  the  substance  with  G  i)ai*tsof 
carbonate  of  soda  and  potassa,  and  2  parts  of  silicic  acid  ;  allow  the 
mass  to  cool,  treat  with  water,  and  add  carbonate  of  ammonia  to  the 
solution  obtained ;  filt-er,  wash  the  separated  silicic  acid  with  dilute 
solution  of  cai'bonate  of  ammonia,  supei-saturate  the  filtrate  with  hy- 
drochloric acid,  and  precii)itate  with  chloride  of  baiium. 

If  you  wish  to  determine  the  fluoride  also,  acidify  with  nitric  acid, 
pi-ecipitate  with  nitrate  of  baryta,  then  saturate  with  carbonate  of 
soda,  and  precipitate  the  fluoride  of  barium  by  spirit  of  wine.  Wash  a 
long  time,  first  with  spirit  of  wine  of  50  per  cent.,  then  with  strong 
alcohol ;  dry,  ignite,  and  weigh.  Tlie  insoluble  residue  left  upon 
treating  with  water  contains  the  baryta  and  lime.  Dissolve  in  hydro- 
chloric acid,  separate  the  silicic  acid,  and  determine  the  bases  as 
directed  §  154  (H.  Rose). 

c.  In  presence  of  a  large  proportion  of  Chromic  Acid. 

Reduce  the  chromic  acid  by  boiling  the  dry  compound  with  con- 170 
oentrated  hydrochloric  acid  (if  this  process  is  conducted  after  p.  258, 

^  With  respect  to  the  separation  of  sulphuric  acid  from  selenic  acid,  (omp. 
Wohlwill  (AnnaL  d.  Chem.  u.  Pharm.  114,  183). 
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it  gives,  at  tlie  same  time,  the  quantity  of  the  chromic  acid)  ;  dilute 
the  solution  largely,  and  precipitate,  first  the  sulphuric  acid  by  adding 
chloride  of  barium  in  slight  excess,  then  the  excess  of  baryta  by  sul- 
phuric acid,  and  lastly  the  sesquioxide  of  chromium  by  ammonia. 

d.  From  ITi/drqfluoaUick  Acid, 

Precipitate  the  hydrofluosilicic  acid  as  directed  §  133,  then  thesul-  171 
phuric  acid  in  the  filtrate  by  baryta, 

3.  Phosphoric  Acid  from  the  other  Acids. 

a.  From  the  acids  of  arsenic^  see  167 ;  ^om  mlphuric  ctdd^  see  172 

168. 

h.  From  Chromic  Acid, 

Precipitate  the  phosphoric  acid  as  phosphate  of  magnesia  and 
ammonia  ( 1 34,  6).  Determine  the  chromic  acid  in  the  filtrate  as 
directed  §  130,  a,  |3,  6,  c,  or  d, 

c.  From,  JJoracic  Acid, 

Precipitate  the  phosphoric  acid  with  a  solution  of  chloride  of  mag- 178 
nesium  and  chloride  of  ammonium,  and  determine  it  as  pyrophos- 
phate of  magnesia  (§  134,  h).     Determine  the  boracic  acid  in  the 
filtrate  as  directed  §  136,  I.,  c, 

d.  From  Oxalic  Acid. 

a.  If  the  two  acids  are  to  be  determined  in  one  portion,  the  aqueous  174 
solution  is  mixed  with  sodio-terchloride  of  gold  in  excess,heat  applied, 
and  the  quantity  of  oxalic  acid  present  calculated  from  that  of  the 
reduced  gold  (§  137,  c,  a).  The  gold  added  in  excess  is  separated 
from  the  filtrate  by  means  of  sulphuretted  hydrogen,  and  the  phos- 
phoric acid  then  precipitiited  by  sulphate  of  magnesia.  If  the  com- 
pound is  insoluble  in  water,  hydrochloric  acid  is  used  as  solvent,  and 
the  process  conduct<?tl  as  directed  §  137,  c,  3. 

3.  If  there  is  enough  of  the  substance,  the  oxalic  acid  is  deter-  175 
mined  in  one  portion  according  to  the  direction  of  §  137,  b  ord^  and 
the  phosphoric  acid  in  another  portion.  If  the  substance  is  soluble 
in  water,  and  the  quantity  of  oxalic  acid  inconsiderable,  the  phos- 
phoric acid  may  be  precipitated  at  once  with  sulphate  of  magnesia, 
chloride  of  ammonium,  and  ammonia  ;  if  not,  the  substance  is  igni- 
ted with  carbonate?  of  soda  and  potassa,  which  destroys  the  oxalic 
acid,  and  the  phosphoric  acid  is  determined  in  the  residue. 

e.  Phosphates  from  Flitorides. 

a,    Tlie  auhstance  u  soluhle  in  wat^r, 

an.  If  the  substance  contains  a  relatively  large  quantity  of  176 
fluorine,  which  will  permit  the  estimation  of  the  latter  from  the 
difference,  precipitate  the  solution  with  exclusion  of  air  by  chlo- 
ride of  calcium  \\'ith  addition  of  lime-water  to  alkaline  reaction, 
allow  to  deposit,  decant  through  a  filter,  wash  the  precipitat-e, 
dry,  ignite,  and  weigh.  It  consists  of  phosphate  of  lime  and 
fluoride  of  calcium.  Heat  an  aliquot  part  in  a  platinum  vessel, 
with  sulpluuic  acid,  until  all  the  fluorine  has  escaped  as  hydro- 
fluoric acid,  taking  care  not  to  raise  the  heat  to  a  degree  at 
which  sulphuric  acid  volatilizes  ;  then  determine  the  lime  and 
the  phosj)horic  acid  as  dii-ected  §  135,  h.  By  deducting 
the    phob]»horic    acid    and    lime   from  the    total   weight   of 
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the  precipitate,  the  fluorine  is  found  by  the  following  propor- 
tion:— 

The  eq.  of  fluorine  less  the  eq.  of  oxygen :  the  eq.  of  fluorine 

.  the  difference  found  :  the  fluoiine  sought. 
The  fluorine  may  be  determined  directly  in  another  aliquot 
part,  by  fusing  it  with  acid  pyrophosphate  of  soda,  and  calcula- 
ting the  fluorine  by  comparing  the  actual  loss  of  weight  with  that 
which  the  pyrophosphate  would  have  suffered  if  ignited  alone. 
2  (NaO,  HO,  PO5)  +  Ca  Fl  =  NaO,  PO5  -f  NaO,  CaO,  PO5 
-f  H  Fl  -f  HO. 

[bb.  If  the  substance  contains  a  rdativdy  aniaU  proportion  of  177 
fluorine,  this  should  be  determined  directly  by  Fresenius'  me- 
thod. (182*)  Phosphoric  acid  may  be  estimated  in  a  portion  that 
has  been  evaporated  with  sulphuric  acid,  by  molybdic  solution 
(p.  271).] 
^.    The  substance  is  not  soluble  in  water,  but  decomposable  by 

acids  (e.g.,  apatite,  bone-ash). 
Dissolve  in  hydrochloric  acid,  evaporate  with  sulphuric  acid,  as  in  178 
17 6 1  until  the  fluorine  is  completely  expelled,  and  determine  in  the 
residue  the  phosphoric  acid  on  the  one  hand,  the  oxides  on  the  other 
hand.  Now,  if  you  know  the  proportion  between  the  phosphoric 
acid  and  the  bases  in  the  analyzed  compound,  you  may  readily  cal- 
culate the  expelled  fluorine  from  the  excess  of  the  bases,  the  oxygen 
of  the  latter  being  equivalent  to  the  fluorine.  Of  course,  it  is  taken 
for  granted  that  other  acids  are  absent,  or  are  determined  in  sepa- 
rate portions. 

y.   The  substance  is  insoluble  in  water  and  not  decomposable  by 

acids. 
Fuse  with  carbonate  of  soda  and  silicic  acid  as  in  169,  treat  the  179 
fused  mass  with  water,  and  the  solution  with  carbonate  of  ammonia. 
You  have  now  in  solution  the  whole  of  the  fluorine  and  phosphoric 
add  in  combination  with  alkali  (H.  Rose),  and  may  accordingly 
proceed  as  in  176  or  177- 

4.  Fluorides  from  Borates. 

Mix  the  solution  containing  the  acids  in  combination  with  alkali  180 
"with  some  carbonate  of  soda,  and  add  acetate  of  lime  in  excess.  A 
precipitate  is  formed,  which  contains  the  whole  of  the  fluorine  as 
fluoride  of  calcium,  and  besides  this,  carbonate  and  some  borate 
of  lime ;  the  greater  proportion  of  the  latter  having  been  redissolved 
by  the  excess  of  the  Ume  salt  added.  Determine  the  fluoiide  of  cal- 
cium in  the  precipitate  as  directed  in  §  138, 1.  The  small  quantity 
of  boracic  acid  in  the  precipitate  is,  in  this  process,  partly  volati- 
lized, partly  dissolved,  after  evaporating  the  mass  with  acetic  acid 
and  extracting  with  water.  It  is  therefore  necessary  to  determine 
the  boracic  acid  in  a  separate  portion  of  the  substance ;  this  is 
effected  according  to  the  directions  of  §  136,  2  (A.  Stromeyer'^). 

5.  Fluorides  from  Silicic  Acid  and  Silicates. 

A  great  many  native  silicates  contain  fluorides  :  care  must,  there- 
fore, always  be  taken,  in  the  analysis  of  minerals,  not  to  overlook 
the  latter. 


*  Annal.  d.  Chem.  u.  Pharm.  100,  91. 


«  • 
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If  the  silicates  coiitaiuiug  fluoiide  ai*e  decomposable  by  acids — 
(which  is  only  rai'cly  the  case) — and  the  silicic  acid  is  separated  in 
the  usual  way  by  evaporation,  the  whole  of  the  fluorine  may  volar 
tilize. 

a,  Berzelius's  method. 

Fuse  the  elutriated  substance  with  4  parts  of  carbonate  of  soda,  for  18] 
some  time,  at  a  strong  red  heat ;  digest  the  mass  in  water,  boil, 
filter,  and  wash,  first  with  boiling  water,  then  with  solution  of  car- 
bonate of  amniouia.  The  filtrate  contains  all  the  fluorine  as  fluo- 
ride of  sodium,  and,  besides  this,  carbonate,  silicate,  and  aluminate 
of  soda.  Mix  the  filtrate  with  carbonate  of  ammonia,  and  heat 
the  mixture,  replacing  the  carbonate  of  ammonia  which  evapo- 
rates. Filter  off  the  precipitate  of  hydrate  of  silicic  acid  and 
hydrate  of  alumina,  and  wash  with  carbonate  of  ammonia.  Heat 
the  filtrate  until  the  carbonate  of  ammonia  is  completely  expelled, 
and  determine  the  fluorine  as  directed  §  138.  To  separate  the 
silicic  acid,  decompose  the  two  precipitates  with  hydrochloric  acid 
as  directed  §  140,  II.,  a.* 

6.  Wohler's  method  modified  by  Fresenius.     (Suitable  for  the  182 
analysis  of  all  silicates  and  phosphates  which  are  readily  decomposed 
by  sulphuric  acid ;  those  uudecomposable  by  this  acid  must  be  fluxed.) 

[The  substance  must  be  reduced  to  an  impalpable  powder;  if  not  a 
silicate,  mixed  intimately  with  10  to  15  times  its  weight  of  finely  pul- 
verized quartz,  and  decomposed  in  a  flask  wiihpure  concentrated  sul- 
phuric acid  (sp.  gr,  1*848)  ,  at  a  temperature  not  higher  than  160° 
nor  lower  than  150°  C.     Tlie  fluorine  is  estimated  by  collecting  and 
weighing  the  fluoride  of  silicon  thus  evolved  (Fresenius),  or  by 
loss  (Woiiler.)     The  former  is  the  only  accurate  method,  especially 
when  small  quantities  are  to  be  determined.     To  displace  fluoride 
of  silicon  complet(>ly  from  the  mixture  evolving  it,  long-continued 
asj)ii'ation  of  air  Ls  necessary.      The  apj)aratus  needful  consists  of 
agasholder  of  20 — 30  litres  c{ij)acity,  which  should  be  filled  with  pure 
air  from  out-of-doors ;  of  3  fljisks  of  about  250  c.  c.  caj)acity  each  ;  and 
of  8  light  U-tubes,  whoso  bore  is  12  mm.  and  whose  legs  are  10 — 12 
cm.  long.     Air  is  forced  from  the   gasholder, — firstly,  through  a 
flask  half  filled  with  strong  j)ure  sulphuric  acid,  then  through  a  TJ- 
tube  containing  soda  lime,  and  again  through  a  U-tube  tilled  with 
glass  splintei's  moistened  with  strong  sulphuiic  acid.     The  air  tlius 
freed  from  water  and  carbonic  acid  is  conducted  to  the  bottom  of  a 
second  llask,  containing  the  substance  under  examination  drenched 
s^-ith  a  large  excess  of  sulphuric  acid.      This  flask  stands  over  a 
lamp  upon  a  plate  of  cast-iron,  and  to  judge  of  the  temperature  of 
its  contents  another  flask  similarly  filled  with   sulphuric  acid,  in 
which  a  thermometer  is  suspended    by  a  loosely  fitting   cork,  is 
placed  upon  the  same  iron  plate,  the  lamj^flame  being  stationed  be- 
tween them  and  equidistant  from  both.      The  dry  air  streaming 
through  the  decomposing  flask,  heated  to  150° — 160°  canies  on  fluo- 
ride of  silicon  and  a  little  vapor  of  sulphuric  acid,  tii*stly  into  an 

*  The  whole  of  the  silicic  acid  may  be  removed  from  the  filtrate  by  the  tient* 
ment  with  carbonate  of  ammonia :  addition  of  carbonate  of  zinc  and  ammonia, 
as  recommended  by  Berzelius,  and  afterwards  by  lle^juault,  appears  therefore 
superfluous  (H.  Rose). 
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empty  XJ-tubo,  and  then  into  another  containing,  in  the  first  half,  iiised 
(anhydrous)  chloride  of  calcium,  and  in  the  second  half,  pumice,  im- 
pi^gnated  with  anhydrous  sulphate  of  copper  (p.  289).  The  pure 
fluoride  of  silicon  is  finally  absorbed  in  the  three  remaining  U- 
tubes,  and  is  estimated  by  their  increase  of  weight.  Of  these  tubes, 
the  fii'st  contains,  in  the  leg  next  the  decomposing  fiask,  pumice 
moistened  with  water  between  two  cotton  plugs ;  in  the  bend  and 
half  of  the  other  leg,  soda  lime  ;  lastly,  fused  chloride  of  calcium  be- 
tween cotton  plugs.  The  weight  of  this  tube  should  be  40-50  grm. 
To  complete  the  absorption,  the  next  (seventh)  U-tube  is  filled  half 
with  fused  soda-lime  and  half  with  fused  chloride  of  calcium ;  and 
the  last  (eighth)  contains  glass  splinters  wet  with  pure  and  strong 
sulphuric  acid,  to  completely  retain  traces  of  water,  which  would 
otherwise  be  carried  off  by  the  large  volume  of  heated  air. 

The  tubes  having  been  carefully  adjusted,  and  made  tight  by 
melting  sealing-wax  over  the  corks,  so  much  substance  is  placed  in 
the  decomposing  flask  as  to  yield,  if  possible,  0*1  grm.  of  fluoride 
of  silicon.  If  a  carbonate  be  present,  this  must  be  removed  by 
heating  the  weighed  substance  with  water  and  a  slight  excess  of 
acetic  acid  (in  case  of  opei*ating  with  a  fluoride  soluble  in  water,  ace- 
tate of  lime  must  also  be  added).  After  the  carbonate  is  decom- 
posed, the  whole  is  evapoi-ated  to  dryness  on  the  water-bath.  The 
residue  is  digested  and  washed  with  water,  dried,  separated  as  well 
as  possible  from  the  filter,  and  mixed  with  the  filter-ash.  Tlie  sub- 
stance is  intimately  mixed,  if  needful,  with  ignited  quartz  ])owder 
transferred  to  the  decomposing  flask,  the  mortar  being  rinsed  with 
qxiartz-powder,  and  drenched  with  40 — 50  c.  c.  of  concentrated  sul- 
phuric acid.  The  flask  is  connected  with  the  tubes  on  either  side, 
and  with  frequent  shaking  is  gradually  brought  to  a  temperatui'e 
of  150° — 160°  C.  Incipient  decomposition  is  recognized  by  the  rise  of 
gas  bubbles  in  the  heated  liquid  (which  are  broken  by  agitation)  as 
'weXL  as  by  deposition  of  silica  in  the  tube  containing  moist  pumice. 
As  soon  as  gas-bubbles  cease  to  appear,  which  commonly  happens  af- 
ter an  hour,  when  small  quantities  (0*1  grm.)  of  a  fluoride  are  employed, 
or  after  two  to  three  hours  when  larger  amounts  (1.0  grm.)  are  used, 
the  lamp  is  removed,  the  air  current  stopped,  and  the  three  weighed  ab- 
sorption tubes  are  weighed  again.  During  this  operation  the  break 
in  the  system  of  tubes  is  supplied  by  a  straight  glass  tube.  After 
weighing,  the  three  tubes  are  replaced,  the  decomposing  flask  is 
heated  again  to  150°-160°  C„  the  air-current  is  re-established,  and 
the  experiment  continued  ^1^  hours.  If  the  tubes  suffer  no  fur- 
ther increase  of  weight,  the  operation  is  concluded ;  otherwise  the 
heating,  &c.,  must  be  repeated  until  a  constant  weight  is  obtained. 

For  every  hour  during  which  the  air-current  has  been  passing  the 
apparatus,  deduct  0*001  grm.  from  the  total  increase  of  the  three 
absorption  tubes ;  the  residue  is  fluoride  of  silicon.  This  multiplied 
by  2?L-=J|=0-73077,  gives  the  fluorine.    Results  good.] 

6.  Fluorides,  Silicates,  and  Phosphates,  in  presence  of 
EACH  other. 

Native  compounds  of  fluorides,  silicates,  and  phosphates  are  not  188 
uncommon.     They  are  decomposed  as  in  181.      Complete  decom- 
position of  the  phosphates  is  not  always  effected  in  this  process,  as 
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phosphate  of  lime,  for  instance,  ia  only  partially  decomposed  by  fu- 
sion with  carbonate  of  soda.  The  solution  remaining  after  the  re- 
moval of  the  silicic  acid  and  the  volatilization  of  the  carbonate  of 
ammonia,  contains — in  presence  of  phosphates — besides  fluoride  of 
sodium  and  carbonate  of  soda,  also  phosphate  of  soda. 

Neutralize  the  fluid  nearly  with  hydrochloric  acid,  precipitatel84 
with  chloride  of  calciimi,  filter,  dry,  and  ignite  the  precipitate,  which 
consists  of  fluoride  of  calcium,  phosphate  of  Ume,  and  carbonate  of 
lime ;  treat  the  residue  with  acetic  acid  in  excess,  and  evaporate  oil 
the  water-bath  to  dr3me88  and  complete  expulsion  of  the  acetic  acid  ; 
extract  the  acetate  of  lime,  into  which  the  carbonate  has  been  con- 
verted by  the  last  oi)eration,  with  water ;  weigh  the  residue,  which 
consists  of  phosphate  of  lime  and  fluoride  of  calcium  ;  and  treat  it 
further  as  directed  in  176.  In  the  original  residue  of  the  first 
operation  and  in  the  precipitate  thrown  down  by  carbonate  of  amr 
nionia,  determine  the  silicic  acid,  the  rest  of  the  phosphoric  acid, 
and  the  bases.  The  method  182  niay  also  be  employed  for  estimat- 
ing fluorine. 

7.  Silicic  Acid  from  all  other  Acids. 

a.  In  Compounds  which  are  decomposed  hy  Hydrochloric  A.cidL 

Decompose  the  substance  by  more  or  less  protracted  digestion  186 
with  hydrochloric  acid  or  nitric  acid  evaporate  on  the  water-bath*  to 
dryness  (§  140,  II.,  a),  and  treat  the  residue,  according  to  circum- 
stances, with  water,  hydrochloric  acid,  or  nitric  acid ;  filter  oflf  the 
residuary  silicic  acid,  and  determine  ihe  other  acids  i^  the  filtrate. 
Ill  pi*esence  of  boracic  acid  or  fluorine  this  method  is  inapplicable, 
and  the  process  described  in  6  is  employed  instead.  If  carbonates 
are  present,  the  carbonic  acid  is  determined  in  a  separate  portion  of 
the  substance. 

h.   In  Compounds  which  are  not  decomposed  hy  ITydrocMoi'ic 
Acid, 

Decompose  the  substance  by  fusion  with  carbonate  of  soda  andl86 
potassa  (§  140,  II.,  6,  a),  and  either  treat  the  residue  at  once  cau- 
tiously with  dilute  hydrochloric  or  nitric  acid,  and  the  solution  thus 
obtained  as  in  a  ;  or  boil  the  residue  with  water,  precipitate  the  dis- 
solved silicic  acid  from  tlie  solution  by  lieatiiig  with  bicarbonate  of 
aninionia,  filter,  and  in  tlie  mixed  residue  and  precipitate  determine 
the  silicic  acid  by  treating  with  liydrochloric  acid  and  proceeding 
as  directed  §  140,  II.,  a.^  in  the  filtrate,  detennine  the  other  acids. 
Which  of  tliese  two  metliods  may  be  preferable  in  particular  cases, 
dei)ends  upon  tlie  nature  of  the  bases,  and  upon  the  proportion  which 
the  silicic  acid  bears  to  the  latter.  In  i)resence  of  boracic  acid  or 
fluorine,  the  latter  method  alone  is  applicable. 

8.  Carbonic  Acid  from  all  other  Acids. 

When  carbonate's  are  heated  "with  stronger  acids,   the   carbonicl87 
Rcid  is  expelled  ;  the  presence  of  carbonates,  therefore,  does  not  in- 
terfere with  the  estimation  of  most  other  acids.     And  as,  on  the 
other  hand,  the  carbonic  acid  is  determined  by  the  loss  of  weight  or 
by  combination  of  the  expelled  gas,  the  presence   of  saltfl  of  non- 

*  A  higher  temperature  would  not  answer. 
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volatile  acids  does  not  interfere  with  the  deterinination  of  the  car- 
bonic acid.     Accordingly,  with  coni[)ounds  containing  carbonates, 
sulphates,  phosphates,  &c.,  either  the  carbonic  acid  is  determined  in 
one  |K)rtion  and  the  other  acids  in  another,  or  both  estimations  are 
performed  on  one  portion.     In  the  latter    case    the    process  de- 
'  scribed  p.  293,  «,  may  be  used  with  advantage,  the  other  acids  be- 
ing determined  in  the  solution  remaining  in  the  decomposing  flask. 
In  presence  of  fluorides,  one  of  the  weak  non- volatile  acids,  such  as 
tartaric  acid  or  citric  acid,  must  be  employed  to  expel  the  carbonic 
acid;  since,  were  sulphuric  acid  or  hydrochloric  acid  used  for  the 
purpose,  pairt  of  the  liberated  hydrofluoric  acid  would  escape  with 
the  carbonic  acid.     If^  as  will  occasionally  happen  in  an  analysis, 
a  mixed  precipitate  of  fluoride  of  calcium  and  carbonate  of  lime  is 
thrown  down  from  a  solution,  the  two  salts  may  be  separated  by 
evaporating  with  acetic  acid  to  dryness,  and  extracting  the  residue 
with  water ;  the  acetate  of  lime  formed  from  the  cai'bonate  is  dis- 
Bolved,  the  fluoride  of  calcium  is  left  behind. 

SECOND  GROUP. 

HTDROCHLORIC    ACID — HYDROBROMIC  ACID — HYDRIODIC   ACID — 
HYDROCYANIC  ACID HYDR08ULPHURIC  ACID. 

L  Separation  of  the  Acids  of  the  Second  Group  from 

THOSE  of  the  First. 

§167. 

a,  AU  the  Acids  of  the  Second  Chroup  from  those  of  the  JFirat, 

Mix  the  dilute  solution  with  nitric  acid,  add  nitrate  of  silver  in  188 
excess,  and  filter  off  the  insoluble  chloride,  bromide,  iodide,  &c.,  of 
silver.  The  filtrate  contains  the  whole  of  the  acids  of  the  first 
group,  the  sUver  salts  of  these  acids  being  soluble  in  water  or  in 
nitric  acid.  Carbonic  acid  must,  under  all  circumstances,  be  deter- 
mined in  a  separate  portion.  The  estimation  may  be  effected  after 
§  139,  d,  or  e.  In  the  first  case  the  remarks  on  p.  289  must  be 
borne  in  mind. 

b.  Some  of  the  Acids  of  the  Second  Ghoup  from  Acids  of  the 
First  Group, 

As  it  is  often  inconvenient  for  the  further  separation  of  the  acids  189 
of  the  second  group  to  have  them  all  in  the  form  of  insoluble 
silver  compounds,  the  analysis  is  sometimes  eflected  by  separating 
first  the  acid  of  the  first  group,  then  that  of  the  second.  If  the 
quantity  of  disposable  substance  is  large  enough,  the  most  con- 
venient way  generally  is  to  determine  the  several  acids — e,g,^  sul- 
phuric acid,  phosphoric  acid,  chlorine,  sulphuretted  hydrogen,  &c. — 
in  separate  portions. 

Of  the  infinite  number  of  combinations  that  may  present  them- 
selves  we  will  here  consider  only  the  most  important. 

1.  Sulphuric  Acid  may  be  readily  separated  from  chlorine,  bro- 190 
mine,  iodine,  and  cyanogen,  by  precipitation  with  a  salt  of  baryta. 
If  the  acids  of  the  second  group  are  to  be  determined  in  the  same 


^10  SEPABATIOSr.  [§  ICT 

portion,  nitrate  of  baryta  or  acetate  of  baryta  is  used  instead  of  <dilo- 
ride  of  barium.  In  presence  of  sulphuretted  hydrogen,  aulphurio 
acid  cannot  be  determined  in  thiB  way,  as  part  of  the  sulphuretted 
hydrogen  would  be  converted  into  sulphuric  acid  by  the  oxygen  of 
the  air.  The  error  thus  introduced  into  the  process  may  be  very 
considerable  (Frbsenius*).  The  sulphuretted  hydro^pan  musti  there- 
fore, first  be  remoTed  by  addition  of  chloride  of  copper,  and  ike  sul- 
phuric add  determined  in  the  filtrate ;  or,  the  sulphuretted  hydro- 
gen must  be  completely  oxidized  into  sulphuric  acid  by  chlorine,  and 
a  corresponding  deduction  afterwards  made  in  calculating  the  quan- 
tity of  the  sulphuric  acid. 

2.  PuoBPHORio  Acid  may  be  precipitated  by  means  of  nitrate  of  191 
magnesia  and  ammonia,  after  addition  of  nitrate  of  ammonia ;  oxaug 
ACID  by  nitrate  of  lime ;  chlorine,  bromine,  iodine,  d^,  are  deter- 
mined in  the  filtrate. 

3.  Chlorine  ik  Silicates. 

a.  If  the  silicates  dissolve  in  dilute  nitric  acid,  precipitate  the  IQS 
highly  dilute  solution  with  nitrate  of  silver,  without  applying  heat ; 
remove  the  excess  of  silver  from  the  filtrate  by  dilute  hydrochloric 
acid,  still  without  applying  heat ;  and  then  separate  the  siEoic  add  in 

the  usual  way. 

b.  Jf  the  nlicate  becomes  gelatinous  upon  its  decomposition  with 
nitric  acid,  dilute,  allow  to  deposit,  filter,  wash  the  separated,  silicic 
add,  and  treat  the  filtrate  as  in  ck 

c.  If  nitric  add  fiedls  to  decompose  the  dlicates,  mix  the  substance 
with  carbonate  of  soda  and  potassa,  moisten  the  mass  with  water, 
dry  in  the  crudble,  fuse,  boil  with  water,  remove  the  dissolved  silicie 
add  by  means  of  carbonate  of  ammonia  and  then  predpitate,  afber 
addition  of  nitric  acid,  with  nitrate  of  silver  (H.  Kose). 

4.  Chlorides  in  presence  of  Fluorides. 

If  the  substance  is  soluble  in  water,  the  separation  may  be  effected  198 
as  dii-ected  in  188;  but  i'  is  more  convenient  to  precipitate  the 
fluorine  with  nitrate  of  lime,  and  tlie  chlorine  in  the  filtrate  with 
nitrate  of  silver.     Insoluble  compounds  are  fused  with  carbonate  of 
soda  and  silicic  acid. 

6.  Chlorine  in  presence  op  Fluorine  in  Silicates. 

Proceed  as  directed  18  •     Saturate  the  alkaline  filtrate  nearly  194 
with  nitric  acid,  precipitate  with  nitrate  of  lime,  separate  the  fluoride 
of  calcium  and  the  carbonate  of  lime  as  directed  in  187}  <^d  predpi- 
tate the  chlorine  in  the  filtrate  by  nitrate  of  silver. 

6.  Sulphides  in  Silicates. 

If  the  substance  is  decomposable  by  acids,  reduce  it  to  the  veryl95 
finest  powder,  and  treat  with  fuming  nitric  acid  free  from  sulphuric 
add  (§  148  II.,  2,  a,  p.  326).  When  the  sulphur  is  completely  oxi- 
dized, dilute,  filter  off  the  silicic  acid,  add  carbonate  of  ammonia  to 
the  filtrate,  to  remove  the  |>ortion  of  silicic  acid  which  may  possibly 
have  dissolved ;  filter  again,  and  determine  in  the  filtrate  the  sulphu- 

*  Joam.  f.  prakt.  Chem.  70,  9. 
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lie  acid  formed.  If,  on  the  contraiy,  the  substance  is  not  de- 
composable by  acids,  fuse  with  4  parts  of  carbonate  of  soda  and  1 
part  of  nitrate  of  potassa,  boil  the  fused  mass  with  water,  filter,  re 
move  the  dissolved  silicic  acid  from  the  filtrate  by  carbonate  of  am- 
monia (  181))  filter  again,  and  determine  in  the  filtrate  the  sulphu- 
ric acid  produced  from  the  sulphur. 

JSupplement. 

Analysis  op  Compounds,  containing  Sulphides  op  the  Alkali 
Metals,  and  Alkaline  Carbonates,  Sulphates,  and  Hypo- 
sulphites. 

§  168. 

The  following  method  was  first  employed  by  G.  Werther  *  in  the  196 
examination  of  gunpowder  residues. 

Put  the  subbtance  into  a  flask,  add  water,  in  which  a  suflficient 
quantity  of  carbonate  of  cadmium  f  is  suspended ;  cork,  and  sh'ake 
the  vessel  well.  The  sulphide  of  the  alkali  metal  decomposes  com- 
pletely with  the  carbonate  of  cadmium.  Filter  the  yellowish  precipi- 
tate off,  and  treat  it  with  dilute  acetic  acid  (not  with  hydrochloric) ; 
the  carbonate  of  cadmium  dissolves,  the  sulphide  of  cadmium  is  left 
undissolved.  Oxidize  the  latter  with  chlorate  of  potassa  and  nitric 
acid  (p.  327),  and  precipitate  with  chloride  of  barium  the  sulphu- 
ric acid  formed  from  the  sulphide. 

Heat  the  fluid  filtered  from  the  yellow  precipitate,  and  mix  with 
solution  of  neutral  nitrate  of  silver.  The  precipitate  thrown  down 
by  that  reagent  consists  of  carbonate  of  silver  and  sulphide  of  silver 
(K  O,  SA+Ag  O,  N  05=K  O,  S  Oa  +  Ag  S-l-N  O,).  Remove 
the  former  salt  by  means  of  ammonia,  and  precipitate  the  silver  from 
the  ammoniacal  solution — after  acidifying  with  nitric  acid — ^by  means 
of  chloride  of  sodium.  Each  1  eq.  chloride  of  silver  so  obtained  cor- 
responds to  1  eq.  carbonate.  J  Dissolve  the  si^^phide  of  silver  in 
dilute  boiling  nitric  acid,  determine  the  silver  in  the  solution  as 
chloride  of  silver,  and  calculate  from  the  result  the  quantity  of  the 
hyposulphite ;  1  eq.  Ag  CI  corresponds  to  2  eq.  sulphur  in  hyposul- 
phurous  acid,  and  accordingly  to  1  eq.  hyposulphite  (K  O,  SjOj). 

From  the  fluid  filtered  from  the  sulphide  and  carbonate  of  silver 
remove  first  the  excess  of  silver  by  means  of  hydrochloric  acid,  and 
then  precipitate  the  sulphuric  acid  by  a  salt  of  baryta.  From  the 
sulphuric  acid  found  you  have,  of  course,  to  deduct  the  quantity  of 
that  acid  resulting  fiim  the  decomposition  of  the  hyposulphurous 
acid,  and  accordingly  for  1  part  by  weight  of  chloride  of  silver 
formed  from  the  sulphide,  0*28  pai-ts  by  weight  of  sulphuric  acid. 
The  difference  gives  the  amount  of  sulphuric  acid  originally  present 
in  the  analyzed  compound.  By  way  of  control,  you  may  determine, 
in  the  fluid  filtered  from  the  sulphate  of  baryta,  the  alkali  as  sul- 
phate as  directed  in  §  97  or  §  98. 

*  J<mm.  f.  prakt.  Chem.  55,  22. 

f  To  obtain  the  carbonate  of  cadmium  free  from  alkali,  carbonate  of  amn^onia 
aiast  be  rused  as  precipitant. 

X  A  quantity  equivalent  to  the  Bnlphide  found  has  to  be  deducted  from  thii 
iK  S  +  Cd  0,  C  Oj=Cd  S+K  O,  C  0,). 
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XL  Separation  of  the  Acidr  of  the  Second  Group 

FROM    EACH  OTHER. 

§  169.  . 

1.  Chlorine  from  Bromine. 

All  the  methods  of  direct  analysis  hitherto  proposed  to  effect 
the  separation  of  chlorine  from  bromine  are  defective.  The  bro- 
mine is  therefore  usually  determined  indirectly. 

a.  Precipitate  with  nitrate  of  silver,  wash  the  precipitate,  dry,  197 
fuse,  and  weigh.  Transfer  an  aliquot  part  of  the  mixed  chloride 
and  bromide  of  silver  to  a  light  weighed  bulb-tube,*  fuse  in  the 
bulb,  let  the  mass  cool,  and  weigh.  This  operation  gives  both  the 
total  weight  of  the  tube  with  its  contents,  and  the  weight  of  the 
portion  of  mixed  chloride  and  bromide  of  silver  in  the  bulb.  The 
greatest  accui'acy  in  the  several  weighings  is  indispensable.  Now 
transmit  through  the  tube  a  slow  stream  of  dry  pure  chlorine  gas, 
heat  the  contents  of  the  bulb  to  fusion,  and  shake  the  fused  mass 
occasionally  about  in  the  bulb.  After  the  lapse  of  about  20  min- 
utes, take  off  the  tube,  allow  it  to  cool,  hold  it  in  an  oblique  posi- 
tion, that  the  chlorine  gas  may  be  replaced  by  atmospheric  air,  and 
then  weigh.  Heat  once  more,  for  about  10  minutes,  in  a  stream  of 
chlorine  gas,  and  weigh  again.  If  the  two  last  weighings  agree,  the  ex- 
periment is  terminated ;  if  not,  the  operation  must  be  repeated  once 
more.  The  loss  of  weight  suffered,  multiplied  by  4*2203  gives  the 
quantity  of  the  bromide  of  silver  decomposed  by  the  chlorine.  For 
the  proof  of  this  rule  see  §  197. 

This  method  gives  very  accurate  results,  if  the  proportion  of  bro- 
mine present  is  not  too  small ;  but  most  uncertain  results  in  cases 
where  mere  traces  of  bromine  have  to  be  detennined  in  presence  of 
large  quantities  of  chlorides,  as  for  instance  in  salt-spiings.  To 
render  the  method  available  in  such  cases,  the  great  point  is  to  pro- 
duce a  silver  compound  containing  all  the  bromine,  and  only  a  small 
part  of  the  chlorine.  This  end  may  be  attained  in  several  ways. 
In  these  processes  the  quantity  of  chlorine  is  found  by  completely 
precij)itating  a  separate  portion  with  silver  solution,  and  deducting 
the  bromide  of  silver  found  from  the  weight  of  the  precipitate. 

a.  Mix  the  solution  with  carbonate  of  soda  in  excess,  filter  if  ne- 
cessary, evaporate  nearly  to  diyness,  extract  the  residue  with  hot 
absolute  alcohol ;  the  solution  contains  the  whole  of  the  alkaline 
metallic  bromide,  and  only  a  small  portion  of  the  alkaline  metallic 
chloride;  add  a  drop  of  soda  solution,  and  evaporate;  dissolve  the 
residue  in  water,  acidify  with  nitric  acid,  and  precipitate  with 
silver  solution. 

j3.  Fehling's  method,  f 

Mix  the  solution  cold  with  a  quantity  of  solution  of  nitrate  of  198 
silver  not  nearly  sufficient  to  effect  complete  precipitation,  shaking 
the  mixture  vigorously,  and  leave  the  precipitate  for  some  time  in 
the  fluid,  with  repeated  shaking.     If  the  amount  of  the  i)recipitate 

*  The  best  way  of  effecting  the  removal  of  the  fused  mass  from  the  cmoiblQ 
is  to  fuse  again,  and  then  pour  out. 
f  Joum.  f.  prakt.  Chem.  45,  209. 
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produced  corresponds  at  all  to  the  quantity  of  bromine  present,  tlie 
whole  of  the  latter  substance  is  obtained  in  the  precipitate. 

Fehlino  gives  the  following  rule  : — 

If  the  fluid  contains  O'l^  bromine,  use  \  ot  ^  the  quantity  of  so- 
lution of  nitrate  of  silver  that  would  be  required  to  effect  complete 
precipitation;  if  O'Olf,  ^V;  if  0*0028-,  ^;  if  O'OOl*,^. 

Wash  the  mixed  precipitate  of  chloride  and  bromide  of  silver 
thoroughly  *  dry,  ignite,  weigh,  and  treat  with  chlorine,  as  above. 

y.  Marchand*  has  slightly  modified  Feiiling's  method.  Hel99 
reduces  with  zinc  the  mixed  precipitate  of  chloride  and  bromide  of 
sUyer  obtained  by  Fehling's  fractional  precipitation ;  decomposes 
the  solution  of  chloride  and  bromide  of  zinc  with  carbonate  of 
soda;  evaporates  to  dryness,  and  extracts  the  residue  with  absolute 
alcohol,  which  dissolves  all  the  bromide  of  sodium  with  only  a  little 
of  the  chloride  of  sodium ;  he  then  evaporates  the  solution  to  dry- 
ness, takes  up  the  residue  with  water,  precipitates  again  with  solu- 
tion of  nitrate  of  silver,  and  subjects  a  part  of  the  weighed  preci- 
pitate to  the  treatment  with  chlorine. 

J.  If  a  fluid  containing  chlorides  in  presence  of  some  bromide,  is 
heated,  in  a  distillation  flask,  with  hydrochloric  acid  and  binoxide 
of  manganese,  the  whole  of  the  bromine  passes  over  before  any  of 
the  chlorine.  Upon  this  circumstance,  Mohr  f  bases  the  following 
method  for  eflfecting  the  concentration  of  bromine : — 

Distil  as  stated,  and  conduct  the  vapors,  through  a  doubly  bent 
tube,  into  a  wide  Woulf's  bottle,  which  contains  some  strong  solu- 
tion of  ammonia.  Dense  fumes  form  in  the  bottle,  filling  it  gra- 
dually. Conduct  the  excess  of  vapors  from  the  fii*st  into  a  second 
bottle,  with  narrow  neck,  which  contains  ammoniated  water.  Both 
bottles  must  be  sufficiently  large  to  allow  no  vapors  to  escape. 
When  the  whole  of  the  bromine  is  evolved,  which  may  be  distinctly 
seen  by  the  color  of  the  space  above  the  liquid  in  the  distillation 
flask  and  tubes,  raise  the  cork  of  the  flask  to  prevent  the  receding 
of  bromide  of  ammonium  fumes.  Let  the  apparatus  cool,  and 
unite  the  contents  of  the  two  bottles ;  the  fluid  contains  the  whole 
of  the  bromine,  with  a  relatively  small  portion  of  the  chlorine. 

ft.  Instead  of  treating  the  mixed  chloride  and  bromide  of  silver  200 
in  a  current  of  chlorine  as  in  a,  it  may  also  be  reduced  to  metallic 
silver  in  a  current  of  hydrogen.  AfUjr  accurately  determining  the 
weight  of  the  reduced  metal,  calculate  the  amount  of  chloride  of 
silver  equivalent  to  it ;  subtract  from  this  the  weight  of  the  chloride 
and  bromide  of  silver  subjected  to  the  reducing  process,  and  we 
have  the  same  diflference  as  served  in  a  for  the  point  of  departure 
of  the  calculation  (Wackenhoder).  It  will  be  seen  that  one  and 
the  same  portion  of  mixed  bromide  and  chloride  of  silver  may  be 
treated  first  as  directed  in  a,  then,  by  way  of  control,  as  directed  in 
6,  The  difference  found  in  the  direct  way  in  the  first,  and  by  cal- 
culation in  the  second  experiment,'  between  the  weight  of  the  mixed 
chloride  and  bromide  of  silver  and  the  amount  of  chloride  of  silver 
equivalent  to  it,  must  be  the  same. 

c.  PiSAKi    recommends  to  add  a  known  quantity  of  solution  of  201 
nitrate  of  silver  in  slight  excess,  filter,  and  determine  the  silver  in 

*  Joom.  1  prakt.  Chem.  47,  363.  \  Amial.  d.  Ohem.  u.  Pharra.  93,  80. 
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tlie  filtrate  by  iodide  of  starch  (p.  21  '>).     The  precipitate  is  weighed 
an  in  c.     Tliis  method  precludes  the  partial  precipitatioD. 

d.  Determine  in  a  |>ortion  of  the  solution  the  chlorine  +  bromine 
(by  precipitating  with  solution  of  silver),  either  gra^-imetricaUr  or 
volumetrically ;  in  another  portion  the  bromine,  either  by  the  colori- 
metric  method  (8  143,  L,  c),  or  by  the  volumetric  method  (§  143,  L, 
b).  Calculate  the  chlorine  from  the  difierence.  The  method  is 
very  suitable  for  an  expeditious  analysis  of  mother-liquors. 

2.    CHLORIirE  FROM  lODINE. 

a.  Proceed  exactly  as  for  the  indirect  determination  of  bromine 
in  presenec  of  chlorine  ( 197)-  The  loss  of  weight  suffered  by  the 
silver  precipitate  in  the  fusion  in  chlorine  gas,  multiplied  by  2*567, 
gives  the  quantity  of  the  iodide  of  silver  decomposed  by  chlorine. 
The  methods  described  in  200  ^^^^  201 9  ^^^y  ^iso  be  employed. 
The  results  obtained  by  these  methods  in  the  case  of  chlorine  and 
iodine  are  still  more  accurate  than  in  the  case  of  chlorine  and 
bromine,  as  the  equivalents  of  iodine  and  chlorine  differ  far  more 
widely  than  those  of  chlorine  and  bromine. 

b.  Add  to  the  solution  ^  c.  c.  of  standard  solution  of  iodide  of  2( 
starch  (p.  215),  then,  drop  by  drop,  with  stirring,  standard  solution 
of  silver  (p.  304),  until  the  iodide  of  starch  is  decolorized.  The 
amount  of  silver  solution  used  (after  deducting  the  small  quantity 
required  for  the  decolorization  of  the  ^  c.  c.  of  iodide  of  starch 
solution  added,  and  which  must  be  separately  determined)  corre- 
sponds exactly  to  the  amount  of  iodine  in  the  analyzed  compound  ; 
for  iodide  of  starch  is  decolorized  before  the  j>recipitation  of 
chlorine  begins.  To  determine  now  the  chlorine  also,  add  again 
solution  of  nitrate  of  silver  in  slight  excess,  filter,  and  determine 
the  excess  of  silver  in  the  filtrate  by  means  of  iodide  of  starch 
(p.  215).  Deduct  the  amount  of  solution  of  nitrate  of  silver  cor- 
responding to  the  ^  c.  c.  of  iodide  of  starch  solution  added,  and  to 
tlie  iodine  present,  as  well  as  the  excess  of  silver  solution  from  the 
total  quantity  added,  and  calculati^  the  chlorine  from  the  difierence. 
This  method  is  expeditious ;  the  results  are  accurate  (Pisani*). 
Compare  also  Expt.  No.  94. 

The  following  nudhods  are  especially  adapted  for  the  determina- 
tion of  small  fjuantities  of  iodide  in  the  presence  of  large  quanti- 
ties of  chloride  : — 

c.  Mix  the  solution  with  a  few  drops  of  solution  of  hvponitric2( 
acid  in  sulphuric  acid,  or  with  red  funiins^  nitric  aci<l,  add  4  to  5 
grin,  hisulphite  of  carbon,  shake  violently,  separate  the  violet-colored 
bisxilphide  from  the  fluid  containing  the  chlorine  (and  bromine)  by 
cautious  decantation,  and  shake  the  decanted  fluid  with  fresh  bisul- 
phide. After  the  violet  bisulphide  has  been  washed  by  decantation, 
the  water  being  poured  oft*  through  a  filter,  the  iodine  may  be  deter- 
mined as  follows  :  The  solution  should  be  in  a  stoppered  bottle, 
covered  with  a  layer  of  water.  Add  a  dilute  solution  of  hyposul- 
phite of  soda,  with  shaking,  finally  after  addition  of  every  two 
drops.     The  violet  coloration  gradually  disappeai-s.     The  end-point 

is  easy  to  hit  with  i>eifect  certainty.     Now  determine  the  value  of 


Compt.  rend.  44,  352  ;  Joum.  f.  prakt.  Chem.  72,  20G. 


/ 

§      §1W.]  ACIDS   OF  GROUP   II.  416 

m  the  solntion  of  h}  posulphite,  by  shaking  a  few  c.  c.  of  standard 
f  iodine  solution  with  bisulphide  of  carbon,  and  then  adding  hyposul- 
^      phite  to  decoloration.     Results  good. 

'  d.  Precipitate  a  portion  with  silver  solution  and  determine  the  206 

chlorine  -|-  iodine;  in  a  second  portion  estimate  the  iodine  volu- 
nietrically  (§  145,  I.,  c,  or  d),  and  calculate  the  chlcwine  from  the 
difference. 

«.   For  technical  purposes  the  following  method  is  also  suitable.   It  207 

^as  recommended  by  Wallace  and  Lamont*  for  the  estimation  of 

^      iodine  in  kelp.     The  kelp-lie  is  nearly  neuti-alized  with  nitric  acid, 

®^ftporated  to  dryness,  and  the  residue  fused  in  a  platinum  vessel 

*o  oxidation  of   all  the  sulphides.     Treat  with  water,  filter,  add 

'iitrate  of  silver  till  the  precipitate  appears  perfectly  white,  wash, 

digest  with  strong  ammonia,  and  weigh  the  residual  iodide  of  silver. 

Finally,  add  to  the  weight  of  the  latter  the  amount  which  passes 

into  solution  in  the  ammonia ;  it  is  ^-^j  of  the  aqueous  anmionia 

(sp.  gr.  0-89)  used. 

3.  Chlorine,  Bromine,  and  Iodine  from  each  other. 

6k  Determine  in  a  portion  of  the  compound  the  chlorine,  bro-  208 
mine  and  iodine,  jointly  by  precipitation  with  nitrate  of  silver. 
Determine  the  silver  in  the  weighed  precipitate  as  in  200*  ^r 
add  a  known  quantity  of  solution  of  nitrate  of  silver  in  slight  excess, 
filter,  and  determine  the  small  excess  of  silver  in  the  filtrate  by 
means  of  iodide  of  starch  (201). 

Determine  the  iodine  separately  by  Dupr^'s  method  (see  below), 
calculate  the  quantity  of  iodide  of  silver  and  of  silver  coiTesponding 
to  the  amount  of  iodine  found,  deduct  the  calculated  amount  of  iodide 
of  silver  from  the  mixed  iodide,  chloride,  and  bromide  of  silver,  that 
of  the  silver  fix)m  the  known  quantity  of  the  metal  contained  in  the 
mixed  compound  ;  the  remainders  are  resi)ectively  the  joint  amount 
of  chloride  and  bromide  of  silver,  and  the  quantity  of  the  metal  con- 
tained therein ;  these  are  the  data  for  calculating  the  chlorine  and 
bromine  (200)* 

As  regards  the  estimation  of  iodine  in  presence  of  bromides,  A. 
and  F.  Dupr6  found  that  if  the  solution  of  an  iodide  contains  1 
part  of  bromide  of  potassium,  or  more,  in  1500  parts  of  water, 
protobromide  of  iodine  (I  Br)  is  formed  upon  addition  of  chlorine 
water ;  if  the  solution  contains  less  than  1  part  of  bromide  of  potas- 
sium in  1500  parts  of  water,  higher  bromides  in  varying  propor- 
tions are  formed  in  addition  to  the  protobromide.  If  the  solution 
contains  only  1  part  of  bromide  of  potassium  to  13000  parts  of 
water,  pentabromide  of  iodine  alone  is  formed.  If  the  iodine  was 
dissolved  in  bisulphide  of  carbon,  the  conversion  into  I  Br  is 
marked  simply  by  the  change  of  the  violet  color  of  the  fluid  to  yel- 
lowish brown  (zircoidum  color),  whereas  the  formation  of  I  Brj  is 
marked  by  the  change  of  violet  to  white. 

Ui)on  these  reactions  A.  and  F.  Dupr6  have  based  the  following 
method  : — Test  the  fluid  first  by  adding  bisulphide  of  carbon,  and 
then,  gradually,  chlorine  water,  to  see  whether  the  color  will  change 
from  violet  to  white.     If  this  is  not  the  case,  dilute  to  the  required 

*  Chem.  017^  1859,  137. 
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degree,  and  to  nake  quite  sure,  add  one-half  more  water ;  llien  pro- 
ceed as  directed  §  145^  I.,  <^  a  or  /?.  A.  and  F.  Dunit  obtained 
most  satisfactory  results  by  this  process ;  the  method  is  particular- 
ly recommended  for  the  determination  of  small  qoantitiea  of  iodine 
in  lies  which  contain  large  quantities  of  chlorides,  and  not  too 
small  quantities  of  bromides.  If  the  latter  are  too  small,  exact  re- 
sults cannot  be  obtained  by  the  indirect  method,  on  which  the  bro- 
mine estimation  is  based.  To  determine  bromine  directly,  we  may, 
after  adding  a  sufficient  quantity  of  chlorine  water  to  destroy  the 
violet  color  of  the  bisulphide,  and  consequently  to  form  I  Cl^  or, 
as  the  case  may  be,  I  Br5  (6  eq.  chlorine  =?  1  eq.  iodine),  add  moro 
chlorine  water  till  the  whole  of  the  bromine  is  conyertod  into  Br 
CI.  2  eq.  of  this  second  quantity  of  chlorine  correspond  to  1  eq. 
bromine  (A.  Bbimann).  The  details  will  be  found  §  143,  L,  b. 
To  explain,  I  will  suppose  the  case  in  which  5  eq.  K  Br  and  1  eq. 
K  I  are  present.  EI  +  5EBr+6a==6Ea  +  IBr»  and  I 
Br,  +  10  CI  =  I  CI5  +  5  Br  CL 

b.  Proceed  generally  as  in  a,  but  determine  the  iodine  by  PiSAin's  S08 
method  (204)*     This  method  also  gives  very  satis&otory  results, 
enpecially  in  the  presence  of  large  quantities  of  iodides.     Presence 
01  bromides  does  not  interfere  with  the  accuracy  of  the  estimation 
of  the  iodine  (Expt.  No.  95). 

4.  Analysis  of  Iodine  containing  Chlorine. 

a.  Dissolve  a  weighed  quantity  of  the  dried  iodine  in  cold  sol-  SIO 
phurous  acid,  precipitate  with  solution  of  nitrate  of  silver,  digest 
the  precipitate  with  nitric  add,  to  remove  the  sulphite  of  silver 
which  may  have  coprecipitated,  and  weigh.  The  calculation  of  tbe 
iodine  and  chlorine  is  made  by  the  following  equations,  in  which 
A  represents  the  quantity  of  iodine  analyzed,  x  the  iodine  contained 
in  it,  y  the  chlorine  contained  in  it,  and  JB  the  amount  of  chloride 
and  iodide  of  silver  obtained : — 

X  +  y  =  Ay  and 
Ag  +  I       Ag+  CI 

'y  =  B 

Now  as 


and 


we  have 


,   J    »-t-     CI    y- 

Ag  +  I 

— J— =1-881 

Ag+Cl 

CI     -  *•»*« 

i?- 1-851^ 

^ ""        2-194 

6.  If  you  have  free  iodine  and  free  chlorine  in  solution,  deter-  211 
mine  in  one  portion,  after  heating  with  sulphurous  acid,  the  iodine 
as  iodide  of  pallatliuin  (§  145, 1.,  6),  and  treat  another  portion  as  di- 
rected §  14fi,  1.     Deduct  from  the  apparent  amount  of  iodine  found 
by  the  latter  procot  s,  the  actual  quantity  calculated  from  the  iodide 
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of  palladium ;  the  difference  expresses  the  amount  of  iodine  equiva- 
lent to  the  chlorine  contained  in  the  substance. 

5.  Analysis  of  Bromine  containing  Chlorine. 

a.  Proceed  exactly  as  in  210)  weighing  the  bromine  in  a  small  212 
glass  bulb.     Taking  ^  to  be  equal  to  the  analyzed  bromine,  S  to 
the  bromide  and  chloride  of  silver  obtained,  x .  to  the  bromine  con- 
tained in  A,  y  to  the  chlorine  contained  in  A,  the  calculation  is 
made  by  the  following  equations  : — 

X  -^  y  =:  A 
and 

B  -  2-35  A 

y= 

1-69^ 

h.  Mix  the  weighed  anhydrous  bromine  with  solution  of  iodide  213 
of  potassium  in  excess,  and  determine  the  separated  iodine  as  di- 
rected §  146.  • 

From  these  data,  the  respective  quantities  of  bromine  and  chlo- 
rine are  calculated  by  the  following  equations.  Let  A  represent 
the  weighed  bromine,  i  the  iodine  found,  y  the  chlorine  contained 
m,  A^x  the  bromine  contained  in  A^  then 

X  -\-  y  =  A 
t— 1-5866^ 

y  = 

1-991 
BuNSEN,  the  originator  of  methods  4  and  5,  has  experimentally 
proved  their  accuracy.* 

6.  Cyanogen  prom  Chlorine,  Bromine,  or  Iodine. 

a.  Precipitate  with  solution  of  nitrate  of  silver,  collect  the  pre-  214 
cipitate  upon  a  weighed  filter,  and  dry  in  the  water-bath  until  the 
"weight  remains  constant ;   then  determine    the  cyanogen  by  the 
method  of  organic  analysis ;  the  difierence  expresses  the  quantity 
of  the  chlorine,  bromine,  or  iodine. 

h.  Precipitate  with  solution  of  nitrate  of  silver  as  in  a,  dry  the  215 
precipitate  at  100®,  and  weigh.  Heat  the  precipitate,  or  an  aliquot 
part  of  it,  in  a  porcelain  crucible,  with  cautious  agitation  of  the 
contents,  to  complete  fusion ;  add  dilute  sulphuric  acid  to  the  fused 
mass,  then  reduce  by  zinc,  filter  the  solution  from  the  metallic  silver 
and  paracvanide  of  silver,  and  determine  the  chlorine,  iodine,  or  bro- 
mine in  the  filtrate,  in  the  usual  way  by  solution  of  nitrate  of  silver. 
The  cyanide  of  silver  is  the  difference.  Neubauer  and  Kerner  f 
obtained  very  satisfactory  results  by  this  method. 

c.  Determine  the  radicals  jointly  in  a  portion  of  the  solution,  by  216 
precipitating  with  solution  of  nitrate  of  silver,  and  the  cyanogen  in 
another  portion,  in  the  volumetric  way  (§  147,  I.,  6). 

7.  Ferro-  or  Ferricyanogen  from  Hydrochloric  Acid. 

To  analyse  say  ferro-  or  ferricyanide  of  potassium,  mixed  with  217 
the  chloride  of  an  alkali  metal,  determine  in  one  portion  the  ferro-  or 
ferricyanogen  as  directed  §  147,  II.,  g\  acidify  another  portion  with 
nitric  acid,  precipitate  with  solution  of  nitrate  of  silver,  wash  the 

""  •  Annal  d.  Cham,  il  Phann.  86,  274,  276.  \  Ibid.  101,  844. 
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precipitate,  fuite  with  4  parts  of  carbonate  of  soda  mad  1  part  cC 
nitrate  of  [KitaiMa,  extract  the  fiued  maas  with  water,  aod  detenBina 
tlie  chlorine  in  the  solution  as  directed  in  §  141. 

8.    BULPHURETTED   HyDROOES   FROM  HyDROCHU>RIC  Acm. 

The  old  method  of  separating  the  two  acids  by  means  of  a  meCaDie  2 
ffalt  is  liable  to  give  false  results,  as  part  of  the  chloride  of  themetaL 
may  fall  down  with  the  sulphide.  We  therefore  precipitate  both  a» 
hilver  compounds,  dry  the  precipitate  at  100**,  and  determine  ihet 
sulphur  in  a  weighed  ]x>i'tion  ;  or — and  this  is  usuaUy  preferred — 
(hsienniufi  in  a  {x^rtion  of  the  solution  the  sulphuretted  hydrogen  as 
directed  5$  148, 1,  a,  6,  or  c,  in  another  portion  the  sulphur  -h  chlorine 
in  fonn  of  silver  salts.  If  you  employ  a  solution  of  nitrate  of  silver 
Tiiix(;d  with  exc^fss  of  ammonia,  for*  the  determination  of  the  sul- 
phuretted hydrogen,  you  may,  after  filtering  off  the  sulphide  of 
silver,  estimate  the  chlorine  directly  as  chloride  of  silver,  by  adding 
nitric  acid,  and,  if  necessary,  more  neutral  silver  solution.  To  remove 
suIphurett<Kl  hydrogen  from  an  acid  solution,  in  order  that  chlorine 
may  be  determined  in  the  latter  by  means  of  nitrate  of  silver,  H. 
Rose  recommends  to  add  solution  of  sulphate  of  sesquioxide  of  iron, 
which  will  effect  the  separation  of  sulphur  alone;  the  separated 
sulphur  is  allowed  to  deposit,  and  then  filtered  oS. 


THIRD   GROUP. 

Nitric  Acid — Chloric  Acid. 
I.  Separation  op  the  Acids  op  the  Third  Group  prom  those  of 

THE   first   two    GrOUPS. 

§170. 

a.  If  you  have  a  mixture  of  nitric  acid  or  chloric  acid  with  21 
MK)ther  free  acid  in  a  fluid  containing  no  bases,  determine  in  one 
jiortion  the  joint  amount  of  the  free  acid,  by  the  acidimetric  method 
(h<'(i  S|)(»cial  Pai-t),  in  another  portion  the  acid  mixed  with  the  chloric 
or  nitric  acid,  and  calculate  the  amount  of  either  of  the  latter  from 
thn  ditfcn'nco. 

h.  If  vou  have  to  analyze  a  mixture  of  a  nitrate  or  chlorate  with  22 
Romo  othor  salt,  dotermiiic  in  one  portion  the  nitric  acid  or  chloric 
acid  volumetrically  (>$  140,  11.,  </,  a  or  3,  or  II.,  e,  and  §  150),  or 
he  nitric  acid  by  §  149,  II.,  a,  3  ;  and  in  another  portion  the  other 
acid.  I  think  I  need  hardly  remark,  that  no  substances  must  be  pre- 
sent which  would  interfere  with  the  a[)plication  of  these  methods. 

r.  From  the  chlorides  of  those  metals  which  form  with  phosphoric  21 
acid  insoluble  tribasic  phosphates,  the  salts  of  the  acids  of  the  third 
group  uiay  be  separated  also  by  digesting  the  solution  with  recently 
precipitated  thoroughly  washed  tribasic  phosi>hate  of  silver  in  excess, 
and  boiling  the  mixtui*e.  In  this  process  the  chlorides  transpose 
with  the  phosphate — chloride  of  silver  and  phosphate  of  the  metal 
with  which  the  chlorine  was  originally  combined  being  formed,  which 
hoth  separate,  together  with  the  excess  of  the  phosphate  of  silver, 
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riiilst  the  chlorates  and  nitrates  remain  in  solution  (Cheneyix  ; 
Lassaigne*). 

d.  The  estimation  of  an  alkaline  chlorate,  in  presence  of  a  chloride,  222 

oAj  be  effected  also  as  follows : — ^Take  two  portions  of  the  substance, 

/etermine  the  chlorine  by  means  of  silver  solution,  in  one  directly,  in 

be  other  after  reduction  of  the  chloric  acid  by  cautious  ignition  or 

%y  nascent  hydrogen  (§  150, 11.,  c).     Calculate  the  chloric  acid  from 

.he  difference  in  the  precipitates  of  chloride  of  silver. 

IL  Separation  of  the  Acids  of  the  Third  Group  from 

EACH  other. 

vVe  have  as  yet  no  method  to  effect  the  direct  separation  of  nitric  228 
acicl   from  chloric  acid ;  the  only  practicable  way,  therefore,  is  to 
determine  the  two  acids  jointly  in  a  portion  of  the  compound,  by  the 
naetliod  given  p.  330,  c/,  measuring  the  sesquioxide  of  iron  remain- 
ing by  Oudeman's  method  (p.  203),  and  bearing  in  mind  that  12 
^-  of  iron,  converted  from  proto-  into  sesquichloride,  coirespond  to 
^  eq.  of  chloric  acid.     In  another  portion  estimate  the  chloric  acid, 
py  adding  carbonate  of  soda  in  excess,  evaporating  to  dryness,  fus- 
^^  th.e  residue  until  the  chlorate  is  completely  converted  into  ohlo- 
^de,  and  then  determining  the  chlorine  in  the  latter ;  1  eq.  chloride 
®f  silver  produced  from  this  corresponds  to  1  eq.  chloric  acid,  pro- 
^^«<i  there  was  no  chloiide  originally  present. 

•  Joozn.  de  Phann.  10,  289 ;  Pharm.  CentralbL  1850, 181. 
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OROANIO  ANALYSIS. 

§171. 

Org AKic  compounds  contain  oomparatiyely  only  few  of  the  olemwti  A 
small  number  of  them  consist  simply  of  2  elenientSi  viz., 

CandH; 
the  greater  number  contain  3  elements,  viz.,  as  a  mle^ 

G,  H,andO; 
most  of  the  rest  4  elements,  viz.,  generally, 

G,  H,  0,andN; 
A  small  number  5  elements,  viz., 

C,H,0,N,andS; 
and  a  few,  6  elements,  viz^ 

C,  H,  O,  N,  S,  and  P. 

Tliis  applies  to  all  the  natural  organic  compounds  whidk  have  if  f^ 
come  under  our  notice.  But  we  may  artificially  prepare  tnguM^ff^ 
pounds  containing  other  elements  besides  those  enumerated ;  thtf  ^ 
know  many  organic  substances,  which  contain  chlorine,  iodine,  or  ^ 
mine ;  others  which  coutaiu  arsenic,  antimouy,  tin,  zinc,  platinum,  VQO) 
cobalt,  «fcc. ;  and  it  is  (luite  impossible  to  say  which  of  the  other  element 
may  not  be  similarly  capable  of  becoming  more  remote  constituentB  of 
organic  compounds  (constituents  of  organic  radicals). 

With  these  compounds  we  must  not  confound  those  in  which  orgtf^ 
acids  are  combined  with  inorganic  bases,  or  organic  bases  with  inorg«nic 
acids,  such  as  tartrate  of  lead,  for  instance,  silicic  ether,  borate  o* 
moi*phia,  &c. ;  since  in  such  bodies  any  of  the  elements  may  of  coui* 
occur. 

Organic  compounds  may  be  analyzed  either  with  a  view  simply  to  re* 
solve  them  into  their  proximate  constituents ;  thus,  for  instance,  a  gu|D" 
resin  into  i*esin,  gum,  and  ethereal  oil; — or  the  analysis  may  have  fori^ 
object  the  determination  of  the  ultimate  constituents  (the  elements) of  tW 
substance.  The  simple  resolution  of  organic  compounds  into  their  prox- 
imate constituents  is  ed*ected  by  methods  perfectly  similar  to  thoee  usedui 
the  analysis  of  inorganic  compounds ;  that  is,  the  operator  endeavort  ^ 
separate  (by  solvents,  application  of  heat,  <fec.)  the  individual  constituent 
from  one  another,  either  directly,  or  after  having  converted  them  in*^ 
ai)propriate  forms.  We  disregard  here  altogether  this  kind  of  org»DjJ 
analysis — of  which  the  methods  must  be  nearly  as  numerous  and  varied 
as  the  cases  to  which  they  are  applied — and  proceed  at  once  to  trew 
of  the  second  kind,  which  maybe  called  the  vltimate  analf/sis  ofof^^^ 
bodies. 

The  ultimate  analysis  of  organic  bodies  (here  termed  simply^  orgo^ 
analysie)  has  for  its  object,  as  stated  above,  the  determination  of  «•• 
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elements  contained  in  organic  substances.  It  teaches  us  how  to  isolate 
these  elements  or  to  convei-t  them  into  compounds  of  known  composition, 
io  separate  the  new  compounds  formed  from  one  another,  and  to  calculate 
from  their  several  weights,  or  volumes,  the  quantities  of  the  elements. 
Organic  analysis,  therefore,  is  based  upon  the  same  principle  upon  which 
rest  most  of  the  methods  of  separating  and  determining  inorganic  com- 
pounds. 

The  conversion  of  most  organic  substances  into  distinctly  characterized 

And  readily  separable  products,  the  weights  of  which  can  be  accurately 

determined,  offers  no  great  difficulties,  and  organic  analysis  is  therefoi*6 

'usually  one  of  the  more  easy  tasks  of  analytical  chemistry ; — and  as,  from 

*He  limited  number  of  the  elements  which  constitute  organic  bodies,  there 

*s  necessarily  a  gi*eat  sameness  in  the  products  of  their  decomposition,  the 

•^alytical  process  is  always  very  similar,  and  a  few  methods  suffice  for  all 

^^'*se8.    It  is  principally  ascribable  to  this  latter  circumstance  that  organic 

^^ialysis  has  so  speedily  attained  its  present  high  degree  of  perfection  : — 

^ne  constant  examination  and  improvement  of  a  few  methods  by  a  great 

^^mber  of  chemists  could  not  fail  to  produce  this  result. 

An  organic  analysis  may  have  for  its  object  either  simply  to  ascertain 
the  relative  quantities  of  the  constituent  elements  of  a  substance, — thus, 
for  instance,  woods  may  be  analyzed  to  ascertain  their  heating  power,  fats 
to  ascertain  their  illuminating  power, — or  to  determine  not  only  the  rela- 
tive quantities  of  the  constituent  elementary  atoms,  but  also  their  abso- 
lute quantities,  that  is,  to  determine  the  number  of  equivalents  of  carbon, 
hydrogen,  oxygen,  <fec.,  which  constitute  1  equivalent  of  the  analyzed  com- 
pound.    In  scientific  investigations  we  have  invariably  the  latter  object 
in  view,  although  we  are  not  yet  able  to  achieve  it  in  all  cases.     These 
two  objects  cannot  well  be  attained  by  one  operation ;  each  requii^es  a 
distinct  process. 

The  methods  by  which  we  ascei-tain  the  proportions  of  the  constituent 
elements  of  organic  compounds,  may  be  called  collectively,  th^  utthnate 
analysis  of  organic  bodies,  in  a  more  restricted  sense ;  whilst  the  methods 
whidi  reveal  to  us  the  absolute  number  of  elementary  equivalents  con- 
stituting the  complex  equivalent  of  the  analyzed  compound  may  be  styled 
the  determination  of  the  equivalents  of  organic  bodies. 

The  success  of  an  organic  analysis  depends  both  upon  the  method  and 
its  execution.  The  latter  requires  patience,  circumspection,  and  skill ; 
whoever  is  moderately  endowed  with  these  gifts  will  soon  become  a  pro- 
ficient in  this  branch.  The  selection  of  the  method  depends  upon  the 
knowledge  of  the  constituents  of  the  substance,  and  the  method  selected 
may  require  certain  modifications,  according  to  the  properties  and  state 
of  aggregation  of  the  same.  Before  we  can  proceed,  therefore,  to  describe 
the  various  methods  applicable  in  the  different  cases  that  may  occur,  we 
have  first  to  occupy  ourselves  here  with  the  means  of  testing  organic 
bodies  qualitatively. 

I.  Qualitative  Examination  op  Organio  Bodies. 

§172. 

It  is  not  necessary  for  the  correct  selection  of  the  yroper  method,  to 
know  all  the  elements  of  an  organic  comf)Ound,  since,  for  instance,  the 
presence  or  absence  of  oxygen  makes  not  the  slightest  difference  to  the 
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...  water-bath,  dissolve  the  residue  in  a  little 

-:  with  })ichloride  of  plalinum  and  alcoh«»l. 

;\;'n  after  the  lapse  of  some  time,  the  siilistancv 

...   ::•  :i:  nitrogen. 

.-  >^>«'<i  another  method,  which  is  basj'd  upon  the 

:o  torni  cyanide  of  potassium  when  ignitetl  with  a 

.  .  >:::->ranoe.     The  followijig  is  the  best  mode  of  p^*r- 
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■.,v  uinler  examination,  in  a  tcsl-tubr,  with   a  small 

r  1  after  tlu^  coitiplrt*'  coinbnsti,»n  of  tlie  notas^iuni. 
,^-ii  ;i  little  wat<T  (cautiously)  ;   lihrr  the  S(»lutioii,  add  '2 
.     fsiilpliaic  of  j>i'o(o.\idc  ofii-nn  <-onti(inint;>onn'  m.-s. nii- 
MMxturea  short  lime,  aiul  ad<l  livdroihloric  ;u'i<l  in  »'\r,-vs. 
..  ^,j";i  hlne  or  blnisli-^r«M'n   prcfipitat*'  or  ct»l«»ration  prov,--; 

...-••.vis  an'  dclicat<»  :  a  is  the  more  commonly  employed,  and 
r    ....^'•restalli*"'^*'^?   /mIocs  jiot  answer  so  wrll  in  tliecascof  alkaloi«ls 

'     *\--*'n*:mi''"''^^^'"'*^*"*^'*''^  conlaininu:  oxides  of  nitroi^en,  the  presence  of 
r   "uui'^t  Ik*  detected  with  eeriainty  liy  either  (r  or  b,  but  it  may  l)r 
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'      ;•"•  hMVVci-ed  by  heatimr  the  substance  in    a  tube,  when  reel   acid 
*.'■*"  *  ;.»n.irtin"  a  blue  tint  to  iodide  of  starch  ])a])er,  will  be  evolved. 

♦  ••»MCS,  UU|'«»' '"V"       ,  1     n  1*  11^  y 

;;;vM.l^.ni.'a  oft^Mi  by  deflagration. 
L\   T*'sthi'J  for  S^'^P^rur, 

<  .litl  substances  are  fns.Ml  with  abont   iL*   parts  nf  pnre  hydrate  c^f 
...   Olid  six  nartsof  nitnit--  cf  pot:»ssa.      <  )r  (li<-v  are  iuii!nit*'iv  mixi'd 
"il  >;  uiic  ])iu*(Mutratc  ot  p'-tr.ssa  and  (•ai'nr»nat<' ot  soda  ;    mtrateol  |'».i:.>-a 
'    thi'n  heate<l  to  fusion  in  a  ]»oiv('1;iin  crucible, -ind  tip- mixture  i:i-;idu:iliy 
1 1  »1  to  the  fusing  mass.     'I'he  mjiss  is  allowed  to  coi»l,  tluMi  •Iis>ol\«Ml  iu 
w-itcr  and  the  solution  tej?te<l  with  baryta,  after  acidifying  wiih  hydro- 
chloric acid. 
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h.  Fluids  are  treated  with  funiing  nitric  acid,  or  with  a  mixture  of  nitric 
Mid  and  chlorate  of  potassa,  at  first  in  the  cold,  finally  with  application 
of  heat ;  the  solution  is  tested  as  in  a, 

e.  As  the  methods  a  and  b  serve  simply  to  indicate  the  presence  of  sul- 
phur in  a  general  way,  but  aiSbrd  no  information  regarding  the  state  or 
form  in  which  that  element  may  be  present,  I  add  here  another  method, 
which  serves  to  detect  only  the  sulj)hur  in  the  non-oxidized  state  in  organic 
oompounds. 

Boil  the  substance  with  strong  solution  of  potassa  and  evaporate  nearly 
to  dryness.  Dissolve  the  residue  in  a  little  water,  imd  test  by  means  of 
A  polished  surface  of  silver,  or  by  nitropnisside  of  sodium,  or  by  just  acidi- 
fying the  diluto  solution  with  hydrochloric  acid,  and  adding  a  few  drops 
of  a  mixture  of  sesquichloride  of  iron  and  femcyanide  of  potassium  (see 
«QiialAnal."§15G). 

3.  Testing  for  Phosj>horu8. 

The  methods  described  in  2,  a  and  ft,  may  likewise  serve  for  phos- 
phorus. The  solutions  obtained  are  tested  for  ])hosphoric  acid  with 
salphate  of  magnesia  ;  or  with  sesquichloride  of  iron,  with  addition  of 
acetate  of  soda ;  or  with  molybdate  of  ammonia  (comp.  "  Qual.  Anal."). 
In  method  ft,  the  greater  part  of  the  excess  of  nitric  acid  must  first  be 
removed  by  evaporation. 

4.  Testing  for  Inorganic  Sahatance^, 

A  portion  of  the  substance  is  heated  on  platinum  foil,  to  see  whether  or 
not  a  residue  remains.  When  acting  upon  difficultly  combustible  sub- 
stances, the  process  may  be  accelerated  by  heating  the  s^K^t  which  the  sub- 
stance occupies  on  the  ]>latiniun  foil  to  the  most  intense  redness,  by 
directing  the  fiame  of  the  blow-pipe  uj)on  it  from  below.  Tlie  residue  is 
then  examined  by  the  usual  methods.  Tliat  volatile  metals  in  volatile 
organic  compounds — e,g,^  arsenic  in  kakodyl — cannot  be  detected  by  this 
method,  need  hardly  be  mentioneil. 

These  preliminary  experiments  should  never  be  omitted,  since  neglect  in 
this  respect  may  give  rise  to  very  great  erroi*s.  Thus,  for  instiftice,  taurin, 
a  substance  in  which  a  large  pro{>ortion  of  sulphur  was  afterwards  found 
to  c^xist,  had  originally  the  formula  C^  N  H^  O,o  assigned  to  it.  The  pre- 
liminary examination  of  organic  substances  for  chlorine,  bromine,  and 
iodine  is  genei*ally  unnecessary,  as  these  elements  do  not  occur  in  native 
oi^nic  compounds  ;  and  as  their  pi-esence  in  compounds  ai'tificially  pro- 
duced by  the  action  of  the  halogens  requires  generally  no  further  proof. 
Should  it,  however,  be  desirable  to  ascertain  positively  whether  a  sub- 
stance does  or  does  not  contain  chlorine,  iodine,  or  bromine,  this  may  be 
done  by  the  methods  given  §  188. 

II.   DETERHINATIOy   OF  THE   ELEMENTS   IN   ORGANIC   BODIES.* 

§173. 

A.  Analysis  of  Compounds  which  consist  simply  op  Carbon  and 
Hydrogen,  or  of  Caubon,  Hydhooen,  and  Oxyjjen. 

The  principle  of  the  motliod  which  serves  to  elFoct  tlio  quantitative 
tnalysis  of  such  compounds  is  excet^dingly  siinj)k\      Tlio  substance  w 

[♦  For  Prof.  Warren's  admirable  mothodM  we  must  refer  to  his  orip^nnl  p?y>erK  in 
ixo.  Jonm.  SoL,  2dBer.,  vol  38,  p.  387,  vol.  41,  p.  40,  and  vol.  1:3,  p.  130.  J 
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burni'tl  t<i  carbonic  acid  aud  wati:r ;  these  products  are  separated  from 
tfituli  ollitir  uid  weighed,  and  tlie  carbon  of  tbe  Biibataacc  is  cftlculuced 
fruin  tlio  weight  of  thecarbonlc  acid,  the  hydrogen  from  that  of  tbe  water. 
If  thu  sum  of  the  carbon  and  hydrogen  ia  equal  to  ttie  original  weight 
of  UiH  eiibstance,  the  substance  contains  no  oxygen  ;  if  it  is  less  than  tlis 
weight  of  the  Bubstauce,  the  dilforence  expressoe  the  amount  of  oxygen 
prosent. 

llie  combustion  is  efli;c1ed  either  by  igniting  the  orgunic  subEtiince 
with  oxygeniied  bodies  whioh  Teadi^  p«t  witti  their  oxygen  (oxide  of 
cxtpper,  chromate  of  lead,  &o.) ;  or  at  the  b^mdm  both  of  free  and  com- 
bined oi^gea. 


Comiuttion  wiA  Omdo  qf  Capper. 

gm. 

L  Xppabatus  ahd  PsiPiBATioirs  bbquisxd  rOK  thi  Ahaltbis. 

1.  The  St'DHTASfE. — This  must  be  moat  finely  pulverized  and  perfectly' 
pure  and  di-y  ; — for  the  method  of  diying,  I  refer  to  §  2G. 

2,  A  TrBE  IN  WHICH  TO  WEIGH  THE  SoBSTANcE,  made  of  thin  ^am 
about  '20  cm.  long,  and  of  7  mm,  internal  diameter ;  one  end  of  the  tabs 
IB  closed  by  fusion  ;  the  otiier,  during  tlie  operation  of  weighing,  18  stop- 
ped with  a  amooth  oork. 

8.  Thz  OoKBUeno)!  Tdbe. — A.  tube  of  diffionltly  fosible  glass  (potaan 
glan),  about  2  mm.  thiok  in  t^  gl^s,  80  to  90  cm.  in  length,  and  &«m 
13  to  14  mm.  inner  diameter,  is  softened  in  the  middle  before  a  glass- 
blower's  lamp,  drawn  out  as  represented  in  6g.  69,  and  finally  apart  at 


Fiff.  69. 

h.  The  fine  points  of  the  two  pieces  are  then  sealed  and  thickened  a  lit- 
tle in  the  flame,  and  the  sharp  edges  of  the  open  ends,  a  and  e,  are 
■lightly  rounded  by  fusion,  care  being  taken  to  leave  the  aperture  per- 
fectly roun<l.  The  posterior  part  of  the  tube  ehoutd  be  shaped  as  shown 
in  fig.  70,  and  not  as  in  fig.  71. 


Pig.  70; 


Kg.  71. 


Two  perfect  oombustion  tubes  are  thus  produced.  The  one  intended 
For  immediate  use  is  cleaned  with  linen  or  paper  attached  to  a  piece  of 
wire,  and  then  thoroughly  dripd.  This  iseffected  either  by  laying  lie  tube, 
wiUi  a  piece  of  paper  twisted  over  its  mouth,  for  some  time  on  a  sand- 
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bath,  with  occasional  removal  of  the  air  from  it  hy  suction,  with  the  aid 
of  a  glass  tube,  or  (rapidly)  by  moving  the  tube  to  and  fro  over  the 
flame  of  a  gas  or  spirit  lamp,  heating  its  entire  length,  and  continually 
remoYing  ^e  hot  air  by  suction  through  the  small  glass  tube  (fig.  72). 


\ 


Fig.  72. 

The  combustion  tube,  when  quite  dry,  is  closed  air-tight  with  a  cork, 
and  kept  in  a  warm  place  until  required  for  use. 

In  de&ult  of  glass  tubes  possessed  of  the  proper  degree  of  infusibility, 
thin  brass  or  copper  foil,  or  brass  gauze,  is  rolled  round  the  tube,  and 
iron  wii*e  coiled  round  it. 

4.  The  Potash-bulbs  (fig.  73). — ^This  apparatus,  devised  by  LiebiG| 
is  filled  to  the  extent   indicated  in   the   en-  •» 

graving,  with  a  clear  solution  of  caustic  po-  ' 

tassa  of  1'27  sp.  gr.  (§  66,  6).  The  introduc- 
tion of  the  solution  of  potassa  into  the  appara- 
tus is  effected  by  plunging  tlie  end  a  into  a 
beaker  or  dish  into  which  a  little  of  the  solu- 
tion has  been  poured  out,  and  applying  suction 
to  b,  by  means  of  a  caoutchouc  tube.  The  two 
ends  are  then  wiped  perfectly  dry  with  twisted 
slips  of  paper,  and  the  outside  of  the  appara- 
tus with  a  clean  cloth. 

5.  The  Chloride-of-Calcium-tube  (fig.  74)  

is  filled  in  the  following  manner : — In  the  fii'st  ~^ 

place,  the  neck  between  the  two  bulbs  of  the  ^' 

tube  is  loosely  stopped  with  a  small  cotton  plug ;  this  is  effected  by  in- 
troducing a  loose  cotton  plug  into  the  wide  tube,  and  applying  a  sudden 
and  energetic  suction  at  the  other  end.  The  large  bulb  is  then  fiUiMl 
with  lumps  of  chloride  of  calcium  (§  66,  7,  6),  and  the  tube  with  smaller 
fragments,  intermixed  with  coarse  powder  of  the  same  substance  ;  a  loose 
cotton  plug  is  then  inserted,  and  the  tube  finally  closed  with  a  perfo- 
rated cork,  into  which  a  smjvll  glass  tube  is  fitted ;  the  protruding  part 
of  the  cork  is  cut  off*,  and  the  cut  surface  covered  over  with  sealing-wax; 
fche  edge  of  the  little  tube  is  slightly  rounded  by  fusion. 

In  using  this  tube  a  considerable  quantity  of  the  water  condenses  in 


Pig.  74. 

the  empty  bulb  a,  and  at  the  close  of  the  experiment  may  be  poured  out 
The  operator  is  thus  enabled  to  test  it  as  to  reaction,  &c.,  and  also  to  us€ 
the  same  tube  far  oftener  without  fresh  filling  than  he  could  other 
wise. 
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6.  A  Small  Tube  of  yulcakized  Ikdia-bubbeb. — ^This  must  be  w 
luuTow  thafc  it  can  only  be  pushed  witb  difficulty  over  the  tube  of  tin 
chloride  of  calcium  tube  on  the  one  hand,  and  over  the  end  of  the 
potash  bulbs  on  the  other  hand ;  in  which  case  there  is  no  need  of  bind- 
ing with  silk  cord.  If  the  rubber  tube  should  be  a  little  too  wide,  it 
must  be  tied  round  with  silk  cord,  or  with  ignited  piano  wire.  It  is 
self-evident  that  the  narrow  end  of  the  chloride  of  calcium  tube  should 
be  of  the  same  width  as  the  tube  a  of  the  potash  bulbs.  The  india-ruW 
ber  tube  is  purified  from  any  adherent  sulphur,  and  dried  in  the  wator- 
bath  previous  to  use. 

71  Corks. — ^These  should  be  soft  and  smooth,  and  as  free  as  possible 
fix>m  visible  pores.  A  cork  should  be  selected  which,  alter  careful 
squeering,  fits  perfectly  tight,  and  screws  with  some  difficulty  to  one- 
third  of  its  length,  at  the  most,  into  the  mouth  of  the  oombustion-^ube ; 
a  perfectly  smooth  and  round  hole,  into  which  the  end  a  of  the  chloride 
of  calcium  tube  must  fit  perfectly  air-tight,  is  then  carefully  bored 
through  the  axis  of  the  cork.  The  cork  is  then  kept  for  an  hour  or  two 
in  the  water  bath.  It  is  advisable  always  to  have  two  corks  of  this 
description  ready.  Instead  of  ordinary  corks,  caoutchouc  stoppers  may 
be  used  with  great  advantage. 
8.  Oxide  of  Oopper. — A  Hessian  crucible,  of  about  100  c  c  capacitj, 
is  nearly  filled  with  oxide  of  copper  prepared  as  directed  in 
§  66,  1 ;  the  crucible  is  covered  with  a  well-fitting  overlap- 
>  ping  lid,  and  heated  to  dull  redness  with  charcoal,  or  in  a 
suitable  gas-furnace ;  it  is  then  allowed  to  cool,  so  that  by 
the  time  tiie  oxide  of  copper  is  required  for  use,  the  hand  can 
only  just  bear  contact  with  it. 

9.  A  WIDE  GLASS  Tube  sealed  at  one  end,  or  a  Flask 
(fig.  75),  in  which  the  freshly  ignited  oxide  of  copper  is  al- 
lowed to  cool,  and  from  which  it  is  transfetTcd  to  the  combus- 
tion tube,  secure  from  the  possible  absorption  of  moisture 
from  the  air. 

The  freshly  ignited  and  still  quite  hot  oxide  of  copper  is 
Fig.  75.  transferred  direct  from  the  crucible  to  this  filling  tube,  or 
flask,  which  is  then  closed  air-tight  with  a  cork.  It  saves  time  to  fill  in 
at  once  a  sufficient  quantity  of  oxide  to  last  for  several  analyses.  If  the 
cork  fits  tight,  the  contents  will  remain  several  days  fit  for  use,  even 
though  a  portion  has  been  taken  out,  and  the  tube  repeatedly  opened. 
10.  A  Mixing  Wire  of  copper  (fig.  76)  with  ring  at  one  end  for  a 


O 


Fig.  76. 

handle,  and  a  single  corkscrew  turn  at  the  other,  which  should  taper 
Bmoothly  to  a  point. 

11.  A  Combustion-furnace. — 
Some  time  ago  the  only  one  used  wa& 
Liebig's,  in  which  charcoal  is  the  fuel. 
Recently  gas  combustion  furnaces 
have  Ix^en  introduced  into  most  la- 
boratories, because  they  are  more 
Pig.  77  cleanly  and  convenient. 
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o.  LiEBiG^s  combustion  furnace  is  of  sheet  iron.  It  has  the  fonn  of  a 
Jong  box,  open  at  the  top  and  behind.  It  serves  to  heat  the  combus- 
tion tube  with  red-hot  charcoal.  Fig.  77  represents  the  furnace  as  seen 
from  the  top. 

It  is  from  50  to  60  cm.  long,  and  from  7  to  8  deep  ;  the  bottom,  which, 
by  cutting  small  slits  in  the  sheet  iron,  is  converted  into  a  grating,  has 
a  width  of  about  7  cm.  The  side  walls  are  inclined  slightly  outward,  so 
that  at  the  top  they  stand  about  12  cm.  apart.  A  series  of  upright 
pieces  of  strong  sheet  iron,  having  the  form  shown  in  Z),  fig.  78,  and 
riveted  on  the  bottom  of  the  furnace  at  intervals  of  about  5  cm., 
serves  to  support  the  combustion  tube.  They  must  be  of  exactly  cor- 
responding hei^t  with  the  round  aperture  in  the  front  piece  of  the  fur- 
nace (fig.  78,  A). 
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Fig.  78.  Fig.  79. 

This  aperture  must  be  sufficiently  large  to  admit  the  combustion  tuwj 
easily.  Of  the  two  screens,  the  one  has  the  form  shown  in  fig.  79,  the 
other  that  shown  in  fig.  78,  A,  with  the  border  turned  down  at  the  up- 
per edge.  The  openings  cut  into  the  screens  must  be  sufficiently  large 
to  receive  the  combustion  tube  without  difficulty.  The  furnace  is  placed 
upon  two  bricks  resting  upon  a  flat  surface,  and  is  slightly  raised  at  the 
fiEurther  end,  by  inserting  a  piece  of  wood  between  the  supports  (see 
fig.  82).  The  apertures  of  the  gi-ating  at  the  anterior  end  of  the  furnace 
must  not  be  blocked  up  by  the  supporting  bricks.  In  cases  where  the 
combustion  tubes  are  of  a  good  quality,  the  furnace  may  be  raised  by  in- 
troducing a  little  iron  rod  between  the  furnace  and  the  supporting 
brick.  Placing  the  tube  in  a  gutter  of  Kussia  sheet  iron  tends  greatly  to 
preserve  it,  but  contact  of  the  glass  and  iron  must  be  prevented  by  an 
interyening  layer  of  asbestos. 

6.  Gras  combustion  furnaces  of  the  most  various  descriptions  have  been 
proposed.     See  §  178. 

§  175. 
n.  Performance  op  the  Analytical  Process. 

a.  Weigh  first  the  potash  apparatus,  then  the  chloride  of  calcium  tube 
Introduce  about  0*35 — 0*6  grm.  of  the  substance  under  examination 
(more  or  less,  according  as  it  is  rich  or  poor  in  oxygen)  into  the 
weighing  tube,*  which  must  be  no  longer  warm,  and  weigh  the  latter 
accurately  with  its  contents.  The  weight  of  the  empty  tube  being  ap- 
proximately known,  it  ia  easy  to  take  the  right  quantity  of  substance  re- 
quired for  the  analysis.     Close  the  tube  then  with  a  smooth  cork. 

6.  The  filling  of  the  combustion  tube  is  effected  as  follows  : — Tlie  per- 
fectly dry  tube  is  rinsed  with  some  oxide  of  copper  ;  a  layer  of  oxide  of 
coj)per,  about  13  cm.  long,  is  introduced  into  the  posteiior  end  of  the 
combustion  tube,  by  inserting  the  latter  into  the  filling  tube  or  flask 

*  Care  muflt  be  taken  that  no  particles  of  tbe  substance  adhere  to  the  sideft  of 
the  tube,  at  least  not  at  tbe  top. 
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cniitHining  the  oxide  of  copper  (tig.  80),  holding  both  tubes  iii  an  d 
li4ue  dirauLiou,  and  giviug  h.  few  gentle  tnps. 


\ 


From  ttiB  tube  oontaining  the  substance  remoTe  lite  cork  cautiansl^^ 
to  proTMit  tbe  sliglitest  losa  of  substance ;  insert  the  opeu  eud  of  the  tul>«! 
u  deep  BB  possible  ijtto  the  combuation  tube,  and  pour  from  it  the  reqiLi'- 
fdte  quantity  of  subEtance  by  giving  it  a  few  turns,  prcsaing  the  rim  aJI 
the  while  gently  ugainst  the  ujiper  eide  of  tbe  combustion  tube,  to  pre- 
vent its  coming  into  contact  with  the  powder  already  poured  out ;  the 
two  tubes  sre,  in  this  manipulation,  held  sli^tly  inclined  (see  fig.  81). 


When  a  sufficient  quantity  of  tbe  KuhstRnce  has  been  thus  transfarred 
fi-om  the  weighing  to  the  combuBliou  tube,  the  latter  ia  reatort?d  to  Uw 
horizontal  position,  whiuh  gives  to  the  former  a  gentle  inclinufioii  witli 
the  closed  end  downwards.  If  the  little  tube  is  now  slowly  withdrawn, 
with  a  few  turns,  the  powder  near  the  border  of  the  ojKuiiig  falls  back 
into  it,  leaving  tbe  opening  fi-ee  for  the  cork.  The  tube  is  then  iaun»- 
dialeir  forked  and  weighed,  tbe  combustion  tube  also  being  meHnwhilo 
b'jt  Vlos,>d  «-itli  a  n.ik.  'nie  diffL'j'eiico  bi'twfoti  (be  t»»  «vi^-hinga 
shows  the  quantity  of  subntance  transferred  from  the  weighing  to  the 
combustion  tube,  Tbe  latter  is  then  again  opened,  and  a  quantity  of 
oxide  of  copper,  equal  to  the  first,  transfei'red  to  it  from  the  filling  tube, 
or  flask,  taking  aire  to  rinse  down  with  this  the  particles  of  the  sub- 
stance still  adhering  to  the  sides  of  the  tube.  There  ia  now  in  the  hind 
part  of  the  tube  a  layer  of  oxide  of  copjrer,  about  25  cm.  long,  with  the 
substance  in  the  middle. 

The  next  ojieration  is  the  mixing ;  this  is  performed  with  the  aid  of 
the  wire  (fig.  76),  which  is  pushed  down  to  within  3  to  4  cm,  of  the  end, 
and  rapidly  moved  about  in  all  directions  until  the  mixture  is  complete 
and  uniform,  the  tube  being  held  nearly  horizontal. 

Oxide  of  copper  is  then  poured  in  to  within  5  to  6  cm.  of  the  open 
end,  and  the  tube  is  corked. 

e.  A  few  gentle  taps  on  the  teble  will  generally  suffice  to  shake  to- 
gether the  contents  of  the  tube,  so  as  to  completely  clear  the  tail  from 
oxide  of  copper,  and  leave  a  free  passage  for  the  evolved  gases  from  end 
to  end.  Should  this  foil,  aa  will  occasionally  happen,  owing  to  mal- 
formation of  the  tail,  the  object  in  view  may  be  attained  by  striking  the 
mouth  of  the  tube  several  tiuies  against  the  aide  of  a  table. 

'I.  C^niicct  the  end  6  (fig.  82)  of  the  weighed  chloride  of  calcium 
tube  with  the  combustion  tube  by  means  of  a  dried  perforated  cork,  la^ 
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"*«  furnace  upon  ita  su])poi-t!i,  with  a  alight  iuclination  foi-wurd,  and 
PJ^oe  the  comhustion  tube  in  it ;  connect  the  end  B  of  the  chloride  of 
•'^It^iam  tube,  by  meanB  of  a  vulcanized  india-rubber  tube,  with  the  end 
*^  *3f  the  potash  apparatus,  and,  if  necessarj,  secure  the  connection  with 
**'«  cord,  taking  care  tf>  press  the  joint  of  the  two  thumbs  close  together 
■"^^Ist  tightening  the  cords,  since  otherwise,  should  one  of  the  cords  hap- 
**^*i.  to  give  way,  the  whole  apparatus  might  be  broken.  B«st  the  potash 
^CfMratua  upon  a  folded  piece  of  cloth.  Fig.  82  ahowa  the  whole  ar- 
*^k*»gement. 
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e.  To  ascfTtain  whether  the  joinings  of  the  apparatus  &t  air-tight,  put 
a  piece  of  wood  about  the  thicknoto  of  a  finger  («),  or  a  cork  or  other 
body  of  the  kind,  under  the  bulb  r  of  the  potash  apparatus,  so  as  to 
Taiae  that  bulb  slightly  (see  fig.  82).  Heat  the  bulb  m,  by  holding  a 
piece  of  red-hot  charcoal  near  it,  until  a  certain  amount  of  air  is  driven 
out  of  the  ap]>aratua ;  then  remove  the  piece  of  wood  (»),  and  allow  the 
bulb  nt  to  cool.  The  solution  of  potassa  will  now  rise  into  the  bulb  m, 
filling  it  more  or  less  ;  if  the  liquid  in  m  preserves,  for  the  space  of  a 
few  minutes,  the  same  level  which  it  has  assumed  after  the  perfect  cool- 
ing of  the  bulb,  the  joinings  muy  be  considered  perfect ;  should  the  fluid, 
on  the  other  hand,  gradually  regain  its  original  level  in  both  limbs  of 
the  apparatus,  this  is  a  positive  proof  that  the  joinings  are  not  air-tight. 
(The  few  minutes  which  elapse  between  the  two  observationa  may  bo 
advantageously  employed  in  reweighing  the  little  tube  in  which  the  sub- 
■tance  intended  for  analysis  was  originally  weighed.) 

f.  Let  the  mouth  of  the  combustion  tube  [iroject  a  full  inch  beyond 
the  &rnace  ;  suspend  the  single  screen  over  the  anterior  end  of  the  fur- 
n&ce,  as  a  protection  to  the  cork  ;  put  the  double  sci-eeri  over  the  coui- 
buEtion  tube  about  two  inches  farther  on  (see  fig.  82),  replace  the  little 
piece  of  wood  («)  under  r,  and  put  small  pieces  of  red-hot  charcoal  first 
under  that  portion  of  the  tube  which  is  separated  by  the  screen  ;  sur- 
round this  portion  gradually  altogether  with  ignited  charcoal,  and  lot  it 
get  red-hot ;  then  shifl  the  screen  an  inch  farther  back,  surround  the 
newly  exposed  portion  of  the  tube  also  with  ignited  charcoal,  and  let  it 
get  red-hot ;  and  proceed  in  this  munner  slowly  and  gradually  extend- 
ing the  application  of  heat  to  the  tail  of  the  tube,  taking  care  to  wait 
always  until  the  last  exposed  ponion  is  red-hot  befora  shifting  the 
screen,  and  also  to  maintiun  the  whole  of  the  exposed  portion  of  the 
tube  before  the  screen  in  a  state  of  ignition,  and  the  projecting  part  of 
it  BO  hot  that  the  fingers  can  hardly  bear  the  shortest  contact  with  it. 
The  whole  process  I'equirea  generally  from  J  to  1  hour.  It  is  quite  su- 
perfluous, and  even  injudicious,  to  fan  the  charcoal  constantly; — this 
should  be  done  however  when  the  process  is  di-awiag  to  an  end,  as  we 
shall  immediately  have  occasion  to  notice. 
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The  lu^uld  in  the  potash  bnlbs  is  gndully  displsoed  fiom  the  bolbfl 
upon  the  application  of  heat  to  the  anterior  portion  of  the  eomhwilfai 
tube,  owing  simply  to  the  expansion  of  the  heated  air.  Hie  evoliiCiM 
of  gas  pro^eds  with  greater  briskness  when  the  heat  b^gini  to  ZMflk 
the  actual  mixture ;  &e  first  bubbles  are  only  partly  ahndbed,  si  ik$ 
carbonic  add  contains  still  an  admixture  of  air;  butihoaawidohftlhfff 
are  so  oompletely  absorbed  by  the  potassa,  that  a  solitaxy  aii4nihUe<Bl{f 
escapes  from  time  to  time  through  the  liquid.    The  proeoss  shovkl  h 

conducted  in  a  manner  to  make  the  pM^ 
bles  follow  each  other  at  interfals  of  fron  ^ 
to  1  second.  Fig.  83  shows  the  properpo» 
tion  of  the  potash  bnlbs  daring  the  opsip 
turn. 

It  will  be  seen  from  Uiis  that  an  abMAb 
entering  throu^^  m  passes  first  into  the  bdb 
6,  thence  to  c,  from  e  to  cf,  and  passiiig  oiw 
the  solution  in  the  latter,  escapes  finsUyinto 
the  bulb  /f  through  the  fluid  which  just  oofoi 
the  mouth  of  the  tube  e. 

g.  When  the  tube  is  in  its  whole  IflBf& 
surrounded  with  red-hot  charcoal,  and  m 
rig.  88.  evolution  of  gas  has  relaxed,  fiui  the  bmiiiiC 

charcoal  gently  with  a  piece  of  pastebowL  When  the  evolutimi  of  ^ 
has  entirely  ceased,  adjust  the  position  of  the  potash  bulbs  to  a  mit 
remove  the  charcoal  from  the  fiurtiier  end  of  the  tube,  and  pkoettiB 
screen  before  the  taiL  The  ensuing  cooling  of  the  tube  on  the  one  Imd, 
and  the  absorption  of  the  carbonic  acid  in  the  potash  bulbs  on  theothei} 
cause  the  solution  of  potassa  in  the  latter  to  recede,  slowly  at  fint^  boi 
with  increased  rapidity  from  the  moment  the  liquid  reaches  the  bulbia 
(If  you  have  taken  care  to  adjust  the  position  of  the  potash  bulbs  cat' 
rectly,  you  need  not  fear  that  the  contents  of  the  latter  will  recede  to 
the  chloride  of  calcium  tube.)  When  the  bulb  m  is  about  half  filM 
with  solution  of  potassa,  break  off  the  point  of  the  combustion  tubeiri^ 
a  pair  of  pliers  or  scissors,  whereupon  the  fluid  in  the  potash  bulbs  wi& 
immediately  resume  its  level.  Kestore  the  potash  bulbs  now  again  to 
their  original  oblique  position,  join  a  caoutchouc  tube  to  the  pottfb 
bulbs,  and  slowly  apply  suction  until  the  last  bubbles  no  longer  diminii^ 
in  size  in  passing  through  the  latter.  It  is  better  to  employ  a  small 
aspirator  instead  of  sucking  with  the  mouth.  You  then  know  the 
volume  of  air  that  has  passed  through  the  apparatus. 

This  terminates  the  analytical  process.     Disconnect  the  potash  bulb* 
and  remove  the  chloride  of  calcium  tube,  together  with  the  cork,  wbiA 
must  not  be  charred,  from  the  combustion  tube ;  remove  the  cork  als^ 
from  the  chloride  of  calcium  tube,  and  place  the  latter  upright,  with 
the  bulb  upwards.    After  the  lapse  of  half  an  hour,  weigh  the  potash  bolb^ 
and  the  chloride  of  calcium  tube,  and  then  calculate  the  results  obtained 
They  are  generally  vei-y  satisfactory.     As  regards  the  carbon,  they  aX* 
i-ather  somewhat  too  low  (about  0*1  per  cent.)  than  too  high.    The  ca^ 
bon  determination,  indeed,  is  not  free  from  sources  of  error;  but  mox^ 
of  these  interfere  materially  with  the  accuracy  of  the  results,  and  tl^^ 
deficiency  arising  from  the  one  is  partially  balanced  by  the  excess  ari^ 
ing  from  the  other.     In  the  first  place,  the  air  which  passes  throug>^ 
the  solution  of  potassa  during  the  combustion,  and  finally  during  th^ 
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f     ptxHXiSB  of  suction,  carries  away  with  it  a  minute  amount  of  moisture. 
Hie  loss  arising  from  this  cause  is  increased  if  the  evolution  uf  gas  pro- 
ceeds very  briskly,  since  this  tends  to  heat  the  solution  of  potassa ;  and 
*lso   if  nitrogen  or  oxygen  parses  through  the  potash  bulbs  (carapar« 
§  176  and  §  178).     This  may  be  remedied,  however,  by  fixing  to  the 
©Jtit  end  of  the  latter  a  tube  with  solid  hydrate  of  potassa  or  sodsrlime, 
^e  l>idbs  and  this  tube  being  always  weighed  together.     In  the  second 
pl^ce,  traces  of  carbonic  acid  from  the  atmosphere  are  carried  into  the 
Po'tash  apparatus  in  the  final  process  of  suction  ;  this  may  be  remedied 
^y  oonnecting  the  tail  of  the  combustion  tube,  during  the  operation,  with 
^  "t;^o.l)e  containing  hydrate  of  potassa  by  means  of  a  perforated  cork  or 
^^-acible  tube.     In  the  third  place,  it  happens  frequently,  in  the  analysis 
^*    Substances  containing  a  considerable  proportion  of  water  or  of  hy- 
^*X>^en,  that  the  carbonic  acid  is  not  absolutely  dried  in  passing  through 
^*^^   chloride  of  calcium  tube;  this  may  be  remedied  by  fixing  behind  tlie 
^^*^^ride  of  calcium  tube,  a  tube  filled  with  asbestos  moistened  with  sul- 
f^"Xaric  acid. 

^S*inally,  if  the  mixture  was  not  sufficiently  intimate,  traces  of  carbon 
unconsumed.     It  is  therefore  better  to  complete  the  combustion 
oxygen  gas.     See  below. 

As  regards  the  hydi'ogen,  the  results  are  very  accurate,  if  the  filling 
skilfully  performed  with  dry  oxide  of  copper. 

§  176. 

[  Completion  of  the  Combustion  by  Oxygen  Gas,     To  insure  the  oxi- 
lon  of  the  last  traces  of  carbon  and  to  leave  the  oxide  of  copper  ready 
CV>r  use  again,  it  is  advisable  to  finish  the  combustion  in  a  stream  of 
^^xygen.     For  this  purpose  the  tail  of  the  combustion  tube  must  be  made 
Luther  stout  and  long.     When  the  potash-lye  recedes,  slip  tightly  over 
tlie  suitably  cooled  tail  a  caoutchouc  tube  connected  with  a  source  of 
pure  and  dry  oxygen  gas,  nip  oft*  the  tip  within  this  tube  by  help  of  a 
pliers,  and  cautiously  let  on  the  oxygen  until  the  reduced  copper  is  oxi- 
dized and  the  gas  traverses  the  potash-bulbs.     Then  replace  the  stream 
of  oxygen  by  one  of  pure  and  dry  air,  to  remove  all  oxygen  from  the 
bulbs.     To  prevent  loss  by  evaporation  from  the  potash-lye,  append  to 
the  potash-bulb  a  small  tube  of  fragments  of  caustic  potash,  or  employ 
Mulder's  absorption  apparatus,  fig.  90,  §  182. 

The  oxygen  may  be  supplied  from  a  gasometer,  as  shown  fig.  84,  §  178, 
or  from  a  small  tube-retOrt  of  fused  chlorate  of  potassa.  This  method 
and  that  of  §  175  are  not  applicable  to  organic  salts  of  the  alkalies  or 
alkali-earths,  since  these  bases  retain  a  portion  of  carbonic  acid.] 

Combustion  with  Chromate  of  Lead,  or  with  Chromate  of  Lead 

AND  Bichromate  of  Potassa. 

§177. 

This  method  is  especially  resorted  to  in  the  analysis  of  salts  of  or- 
ganic acids  with  alkalies  or  alkaline  earths  (as  the  chromic  acid  com- 
pletely displaces  carbonic  acid  from  their  bases),  and  of  bodies  contain- 
ing sidphur,  chlorine,  bromine,  or  iodine. 

Of  the  apparatus,  &c.,  enumerated  in  §  174,  all  are  required  except 
oxide  of  copper,  which  is  here  replaced  by  chromate  of  lead  (§  6G,  2).     A 
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narrow  combustion  tube  may  be  selected,  an  ohronuite  of  lead  contiBi 
a  much  larger  amount  of  available  oxygen  in  an  equal  volume  ibm 
oxide  of  copper.  A  quantity  of  the  oluromate,  more  than  auifideiit  ti 
fill  iJicT  combustion  tube,  is  heated  in  a  platinum  or  porodain  diih  owi 
gas  or  BsBZELius  lamp,  tintii  it  begins  to  tun*  brown;  befcira  filling k 
into  the  tube,  it  is  aUowed  to  cool  down  to  100^ ;  and  even  bekv. 
The  process  is  conducted  as  the  one  described  in  §  174. 

One  of  the  principal  advantages  which  dixomate  of  lead  hii  ow 
oxide  of  copper  as  an  oxidizing  f^gent  being  its  property  of  faibgiia 
high  heat,  the  temperature  must,  in  the  last  stage  of  the  pnwesiof  eon* 
bustion,  be  raised  (by  fanning  the  charcoal,  kc^  sufflcJenlly  Ui^  to  fen 
the  contents  of  the  tube  completely,  as  fkr  as  tfao  Babetaaoe  estendL 
To  heat  the  atUeriar  end  of  the  tube  to  the  same  degrae  off  infen^ 
would  be  injudicious,  since  the  chromate  of  lead  in  tliat  part  wooM 
thereby  lose  all  porosity,  and  thus  also  the  power  of  ^**^?^iiig  tiie  cqbp 
bustion  of  the  products  of  decomposition  idiich  may  have  swaperi  ontk^ 
tion  in  the  other  parts  of  the  tube. 

As  the  chromate  of  lead,  even  in  powder,  is,  on  aioooimt  of  ibi  ihsatyj 
by  no  means  all  that  could  be  denred  in  this  latter  remoti  itiifn* 
ferable  to  fill  the  anterior  part  of  the  tube,  instead  of  with  ohionito  d 
lead,  with  coarsely  pulverized  strongly  ignited  oxide  of  ooppsr,  or  viA 
copper  turnings  which  have  been  superficially  oxidisad  by  igidtiooiBa 
muffle  or  in  a  crucible  with  access  of  air. 

In  the  case  of  very  difficultly  combustible  substances — «.^.,  gnph^ 
— ^it  is  desirable  that  the  mass  should  not  only  readUy  cake,  bat  ilio^  u 
the  last  stage  of  the  process,  give  out  a  little  more  oxygen  than  ii  givn 
out  by  chromate  of  lead.  It  is  therefore  advisable  in  such  cases  to  add  to 
the  latter  one-eighth  of  its  weight  of  fused  and  powdered  bichromate  of 
potassa.  With  the  aid  of  this  addition,  complete  oxidation  of  even  wj 
difficultly  combustible  bodies  may  be  effected  (Liebio). 

3.  Combustion  with  Oxide  of  Copper  in  a  Stream  op  Oxyobs  Gas. 

§  178. 

Many  chemists  effect  combustion  with  oxide  of  copper  in  a  stream  of 
oxygen  siipi)lied  by  a  gasometer.      The  methods  based  upon  this  pn^'' 
ciple  are  employed  not  only  for  the  analysis  of  difficultly  combustiWe     j 
bodies,  but  also  to  eflect  the  determination  of  the  carbon  and  hydrogen 
in  organic  substances  in  general. 

These  methods  require  a  giusoraeter  filled  with  oxygen,  and  anoAff 
with  air,  together  with  certain  arrangements  to  dry  the  oxygen  snd  tn 
com])letely,  and  to  free  them  from  carbonic  acid.  They  are  resorted 
to  in  eases  where  a  number  of  ultimate  analyses  have  to  be  made  in  stt^ 
cession ;  and  also  more  particularly  in  the  analysis  of  substances  wbicb 
cannot  be  reduced  to  powder,  and  do  not  admit  therefore  of  intimftto 
mixture  with  oxide  of  copper,  &c. 

The  heating  may  be  effected  with  the  charcoal  combustion  fumW8 
(fig.  77,  p.  426),  but  a  gas  furnace  is  most  convenient. 

Many  forms  of  gas-furnace  have  been  employed.  One  of  the  best  tt 
represented  in  fig.  84.  The  combustion  tube  rests  in  a  gutter  of 
sheet  iron,  but  the  glass  is  kept  from  contact  with  the  metal  by  a  layer 
of  asbestos.     It  is  well  to  secure  the  tube  to  the  gutter  by  bind^ 
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■ire.  At  its  anterior  end  the  combnetion  tube  is  connected  with  a 
tldoTide  of  calcium  tube  and  potash-bulb  as  usual.  It  is  also  necessary 
to  have  a  third  tube  to  collect  traces  of  moisture  which  the  current  of 

bot  gasea  might  cany  over  from  the  potash  solution.     This  tube  i  ia 

^'led  with  snuJl  fragmeats  of  caustic  potash. 


Fig.  84. 


Posterioriy,  the  combustion  tube  is  joined  by  a  cork  or  caoutchouc 
stepper  to  a  narrow  glass  tube  which  connects  it  with  the  gasometer  and 
the  apparatus  for  drying  the  oxygen.  The  gas  on  leaving  the  gas- 
ometer BtreamB  first  through  a  potash  bulb-tube  d,  then  through  a  long 
V-tube,  e,  filled  with  chloride  of  calcium,  and  finally  through  the  U-tube 
fj  containing  pumice  saturated  with  oil  of  vitriol.  It  is  well  to  attach  a 
lever  of  a  foot  or  so  in  length  to  the  handle  of  the  cock  by  which  the 
supply  of  gas  is  admitted  to  the  combustion  tube,  as  thus  the  flow  of  oxy- 
gi^n  is  more  easily  regulated. 

a.  The  ignition  of  the  oxide  of  copper  is  effected  in  the  tube.  To 
accomplish  this,  a  plug  of  asbestos  is  inserted  into  the  anterior  end, 
the  tube  being  then  filled  to  two-thirda  of  its  length  with  oxide  of  cop- 
per; the  posterior  orifice  is  then  joined  to  the  drying  apparatus  inter- 
EDsed  between  the  gasometer  and  the  combustion  tube,  and  the  tube 
eated  to  gentle  reduces  in  its  whole  length,  whilst  a  slow  current  of 
atmospheric  air  is  conducted  through  it.*  After  complete  ignition  has 
been  effected  the  fire  is  extinguished,  the  anterior  end  of  the  combustion 
tube,  which  up  to  this  time  has  remained  open,  is  connected  with  an 
unwe^hed  chloride  of  calcium  tube,  and  the  ignited  oxide  allowed  to 
cool  in  a  slow  stream  of  atmospheric  air.  When  the  tube  is  cold,  it  is 
opened  at  the  posterior  end,  the  substance  introduced  into  it  with  the 
aid  of  a  long  tube  (compare  §  174),  and  quickly  mixed  with  the  oxide 
by  means  of  a  copper  wire  with  twisted  end  (see  fig.  TG,  p.  174) ;  the 
after-part  of  the  tube  is  filled  to  within  12  cm.  with  ignited  oxide  of 
copper,  cooled  in  the  tube  or  flask  shown  in  fig.  75,  p.  174 ;  a  few  gen- 
tle taps  on  the  table  will  suffice  to  shake  the  contents  down  a  little, 
leaving  a  clear  passage  above.  The  posterior  end  of  the  tube  is  then 
again  connected  with/,  and  the  chloride  of  calcium  tube,  affixed  to  the 

*  i&thei  from  a  second  Epivtraet«T,  or  by  aid  of  an  aspiriitoT.] 
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front  of  the  combustion  tube  during  the  cooling,  exchanged  for  the  ok 
which  is  accurately  weired,  and  to  which  the  weighed  tabes,  A  mid  ^  • 
are  also  joined. 

The  cock  of  the  oxygen  gasometer  is  now  opened  a  little,  so  tint  tke 
gas  may  pass  in  a  very  slow  current  through  the  i^paratiiii ;  the  oodk  ii 
then  suddenly  turned  off,  and  the  level  of  tiie  fluid  in  the  two  bnlbinbei 
watched  some  time ;  if  no  change  takes  place  in  it,  this  is  a  proof  tint 
all  the  joinings  are  air-tight.  After  this,  the  anterior  portion  of  the 
tube  is  lieated  to  redness,  as  far  as  the  layer  of  pure  oxide  of  copper 
extends ;  the  same  is  then  done  with  the  farther  part  also,  as  &r  as  tbe 
layer  of  pure  oxide  of  copper  extends,  the  corks  at  both  ends  of  tbe 
tube  being  protected  by  screens,  as  weU  as  also  the  part  oontainiiigtiii 
mixture.  A  very  slow  current  of  oxygen  gas  is  tramnitted  all  Ae 
time  through  the  apparatus. 

The  part  of  the  tube  containing  the  mixture  is  then  also  betted,  pro- 
ceeding slowly  from  the  anterior  to  the  posterior  part.  Hie  straoi  of 
oxygen  gas  is  gradually  increased,  but  never  to  an  extent  to  sllov  tbe 
oxygen  to  escape  through  the  potash  bulbs  h.  When  the  tube  in  ite 
whole  length  is  at  a  red  heat,  and  the  evolution  of  gM  has  oesaed,  Ike 
cock  is  opened  a  little  wider,  and  the  transmission  of  oxygen  CQutiBMd^ 
until  at  last,  when  the  reduced  oxide  of  copper  is  oompktefy  RODr 
dized,  the  gas  begins  to  escape  unabsorbed  through  the  potash  bolbii 
The  cock  of  the  oxygen  gasometer  is  now  shut,  whilst  that  of  the  air 
gasometer  is  opened  a  little ;  the  combustion  tube,  dbc.,  are  allowed  to 
oool  in  a  slow  stream  of  atmospheric  air.  The  chloride  of  caldmn  talM^ 
and  the  potash  bulbs  with  the  potassa  tube  joined  to  them,  are  tbeo 
weighed. 

A  very  great  advantage  of  this  method  consists  in  this,  that  the  com- 
bustion tube,  after  the  termination  of  the  first,  is  quite  ready  for  a 
second  analysis.  * 

b.  The  combustion  of  most  substances  may  be  effected  also  "without 
mixing  with  oxide  of  copper,  by  introducing  the  sample  into  a  platinum, 

copper,  or  porcelain  boat  or  tray  (fig. 
85).  This  method  affords  the  advan- 
tage of  enabling  the  operator  to  d^ 
termino  at  the  same  time  any  uncoii- 
Fig.  85.  sumed  residue  (ash)  that  may  remain 

behind,  which  in  some  cases — ^in  the 
analysis  of  coals,  for  instance — is  a  great  convenience.     The  suhstance 
is  weighed  in  the  boat,  enclosed  in  a  corked  glass  tube. 
.  Tlio  process  of  combustion  is  then  conducted  as  follows : — Introduce 
into  th(3  anterior  end  of  the  tube  a  plug  of  asbestos,  then  fill  the  tube 
with  oxiilo  of  copper,  leaving  aboiit  20  cm.  fi*ee,  and  keep  the  ojdde  in 
its  place  by  pushing  an  asbestos  plug  down  upon  it.     Heat  the  tube 
now  to  rednoss  in  the  combustion  furnace,  pass  a  current  of  air  through 
it,  to  remove  all  moisture,  connect  the  anterior  end  with  an  unweighed 
ciiloride  of  calcium  tube,  and  let  the  apparatus  cool ;  then  push  the  boat 
containing  the  sample  down  to  the  rear  asbestos  plug,  and  connect  the 
after-part  of  the  tube  witli  the  purifying  apparatus  interposed  between 
the  gasometer  and  the  combus^^ion  tube,  the  fore-part  with  the  weighed 
chloride  of  calcium  tube  and  potash  bulbs  with  potassa  tube.     Heat  the 
oxide  of  copper  in  the  combustion  tube  to  redness,  and  when  approaching 
the  pai*t  where  the  boat  is  placed,  open  the  cock  of  the  oxygen  gasometer  a 
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Httle ;  when  the  aeat  has  reached  the  contents  of  the  boat,  proceed  with 
pn>per  caution,  and  take  care  to  pass  neither  too  little  nor  too  nine!' 
oxygen  through  the  tube.  Increase  the  current  of  oxygen  a  little  at  last, 
Bad  let  the  apparatus  finally  cool  in  a  slow  current  of  ^atmospheric  air. 
With  this  method,  it  is  still  easier  than  with  a  to  use  the  combustion 
tube  for  a  second  analysis  inmiediately  after  the  first,  as  all  that  is 
required  for  the  purpose  is  to  insert  a  firesh  boat  with  another  sample 
of  substance,  to  replace  the  one  just  removed. 


I 


VbkUile  Substances^  or  bodies  v/nder going  AUercUion  cU  100^ 
(losing  Watery  for  instance), 

§  179. 

The  process  is  conducted  either  according  to  §  174, 
or  as  directed  §  178.  Ignited  chromate  of  lead,  cooled 
in  a  closed  tube,  may  also  be  employed  as  oxidizing 
agent. 

6.  Fluid  Bodies. 

a.  Volatile  liquids  {e,g,y  ethereal  oils,  alcohol,  &c,). 

§  180. 

1.  The  analysis  of  organic  volatile  fluids  requires 
the  objects  enumerated  in  8  174.  The  combustion 
tube  should  be  somewhat  longer  than  there  men- 
tioned ;  it  should  have  a  length  of  50  or  60  cm.,  ac- 
cording as  the  substance  is  less  or  more  volatile.  The 
process  requires  besides  several  small  glass  bulbs  for 
the  reception  of  the  liquid  to  be  analyzed.  These 
bulbs  are  made  in  the  following  maimer : — 

A  glass  tube,  about  30  cm.  long  and  about  8  mm. 
wide,  is  drawn  out  as  shown  in  fig.  86,  fused  oft*  at  c/, 
and  A  expanded  into  a  bulb,  as  shown  in  fig.  87. 
The  bulbed  part  is  then  cut  off"  at  /?.  Another  bulb  is 
then  made  in  the  same  way,  and  a  third  and  fourth, 
&C.,  as  long  as  sufficient  length  of  tube  is  left  to  se- 
cure the  bulb  from  being  reached  by  the  moisture  of 
the  mouth. 

Two  of  these  bulbs  are  accurately  weighed ;  they  ai-e 
then  filled  with  the  liquid  to  be  analyzed,  closed  by  fu- 
sion, and  weighed  again.  The  filling  is  effected  by 
slightly  heating  the  bulb  over  a  lamp  and  immersing  Fig.  87. 
the  point  into  the  liquid  to  be  analyzed,  part  of  which 
will  now,  upon  cooling,  enter  the  bulb.  If  the  fluid  is  highly 
volatile,  the  portion  entering  the  still  warm  bulb  is  converted 
into  vapor,  which  expels  the  fluid  again;  but  the  moment  the 
vapor  is  recondensed,  the  bulb  fills  the  more  completely.  If 
the  liquid  is  of  a  less  volatile  nature,  a  small  poi-tion  only  will 
enter  at  first;  in  such  cases  the  bulb  is  heated  again,  to  convert 
what  has  entered  into  vapor,  and  the  point  is  then  again  im- 
Pig.  86.  niersed  into  the  fluid,  which  will  now  readily  enter  and  fill  tho 
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bulb.    The  ezoeas  of  fluid  is  ejected  from  tlie  neck  of  the  litd> 
tube  b;  a  sudden  jerk ;   the  point  of  the  capillar;  neck  is  then  fuiA 
in   the  blowpipe   flame.      The    combustion    tube     is    now    prefand 
for  the  procen  by  introducing  into  it  from  the  filling-tabe  or  flidK. 
(§   171),  a    layer    of  oxide    of    copper   occupying   about   6    em.  b 
length.    The  middle  of  the  neck  of  one  of  the  bulbs  ia  alighlly  aoitiAM 
with  a  file,  the  pointed  end  ia  quickly  broken  ofi^  and  the  bolb  ut^M 
end  are  dropped  into  the  combustion  tube  (see  fig.  86).    AnoUiai^ 
layer  of  oxide  of  copper,  about  6 — 9  cm.  long,  it  tbesa 
filled  in,  and  the  other  bulb  introduced  in  the  same  atatev 
as  the  first.     The  tube  is  finally  nearly  filled  with  i»ide  of 
copper.    A  few  gentle  tape  upon  the  table  suffice  to  clear 
a  free  passage  for  the  gases  evolve^.     (It  isadTinUeto     i 
place  in  the  anterior  half  of  the  oombuation  tube  bwD    1 
lumps  of  oxide  of  copper  [oomp.  §  66,  1],  or  superfatUr    I 
oxidized  copper  turnings,  which  vnll  permit  the  free  [>■•■    [ 
aage  of  the   gases,  even  with   a  narrow  channel,  or  no    I 
channel  at  all ;  since  with  a  wide  channel  thereistlun^ 
y^    „  of  vapore  psasing  unconsumed  through  the  tube.) 

^ll  The  combustion  of  highly  volatile  snbstanoea  danmdi 

^^  great  care,  and  requires  certain  modificationa  of  Uw  cur 

mon  method.  The  operation  commences  by  heating  to 
redAess  the  anteiior  half  of  the  tub«^  whidi  is  aeptnUd 
from  the  rest  by  a  screen,  or  in  the  case  of  hi^y  vtdslili 
substances,  by  two  screens ;  ignited  charcoal  is  tha  plwed 
behind  the  tube  to  heat  the  tail  and  prevent  the  conden- 
sation of  vapor  in  that  part.  A  piece  of  red-hot  duRol 
is  DOW  Hppli(!d  to  that  part  of  the  tube  which  is  occujHcd 
Fig-.  88.  by  the  first  bulb  ;  this  causes  the  efHux  and  evaporelion 
of  the  contents  of  the  latter ;  the  vapor  passing  over  the 
oxide  of  copper  sutfers  conibuatioH,  and  thus  the  evolution  of  gaa  com- 
nioncea,  which  is  then  maintained  by  heating  very  gradually  the  Bist, 
and  after  this  the  second  bulb ;  it  is  better  to  conduct  the  operation  too 
slowly  than  too  quickly.  8udden  heating  of  the  bulbs  would  at  onct 
cause  such  on  impetuous  rush  of  gas  as  to  eject  the  fluid  from  ibe 
potiisii  bulbs.  The  tube  is  finally  in  its  entire  length  surrounded  *i(k 
ignited  charcoal,  and  the  rest  of  the  operation  conducted  in  the  nsvil 
Way,  If  the  air  drawn  through  the  apparatus  tastes  of  the  analytt^ 
substance,  this  is  a  sure  sign  that  complete  combustion  has  not  been 
effected. 

2.  In  the  combustion  of  liquids  of  high  boiling  point  and  aboiuiil- 
ing  in  carbon,  e.g.,  ethereal  oils,  unconsuraed  carbon  is  apt  to  depMit 
on  the  completely  reduced  copper  near  the  substance  ;  it  is  therriore 
ad^'isable  to  distribute  the  quantity  intended  for  analysis  (about  04 
gi-iu.)  hi  3  bulbs,  separated  from  each  other  in  the  tube  by  layenof 
oxi<Ie  of  copper. 

3.  In  (ho  combustion  of  less  volatile  ltqui<Is,  it  is  advisable  to  enjitT 
the  bulbs  of  tlicir  contents  before  the  combustion  begins :  this  is  elTpried 
by  connecting  the  filled  tube  with  an  exhausting  syringe,  and  rarefying 
the  air  in  the  tube  by  a  idnglo  pull  of  the  handle;  this  will  suffice  l« 
expand  the  air-bubble  in  each  bulb  sufficiently  to  eject  the  mly  liquid 
from  it,  which  is  then  absorbed  by  the  oxide  of  copjter. 

i.  If  there  is  reason  to  apprehend  that  the  oxide  of  copper  may  not 
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E      suffice  to  efTect  the  complete  combustion  of  the  carbon,  the  process  is 
I      terminated  in  a  stream  of  oxygen  gas  (compare  §  176). 
I         p.    Tf  it  is   intended  to  effect  the  combustion  in  the  apparatus  de- 
wiil  od  in  §  1 78  (in  a  current  of  oxygen  gas),  the  bulb  must  be  drawn  out 
^  a  fine  long  point,  and  filleS  almost  completely  with  the  fluid.     The 
poixkt  is  then  sealed  in  the  blowpipe  flame,  and  the  bulbs  are  transferred 
^  that  state  to  the  combustion  tube.     When  the  anterior  and  the  far- 
ther* end  of  the  tube  are  red-hot,  a  piece  of  ignited  charcoal  is  put  to 
**^  part  occupied  by  the  first  bulb,  when  the  expansion  of  the  liquid 
^"^m  cause  it  to  burst.     When  the  contents  of  the  first  bulb  are  con- 
?*»iQed,  the  second,  and  after  this  the  third,  are  treated  in  the  same  way. 
•"^•xis  method  will  not  answer,  however,  for  very  volatile  liquids,  as,  e.g.^ 
*^4^er,  on  account  of  the  explosion  which  would  inevitably  take  place. 

Q,  J^an^vokuUe  Liquids  (e,g,^  fatty  oils). 

§  181.  \ 

The  combustion  of  non-volatile  liquids  is  effected  either,  1,  with  chro- 
>lQate  of  lead,  or  oxide  of  copper  and  oxygen ;  2,  in  the  appai*atus  de- 
scribed §  178. 

1.  The  operation  is  conducted  in  general  as  directed  §  175  or  §  176. 
I^e  substance  is  weighed  in  a  small  tube,  placed  for  that  purpose  in  a 
"tin  foot  (see  fig.  89),  and  the  mixing  effected  as  follows: — 
Introduce  into  the  combustion  tube  first  a  layer,  about  6  cm. 
long,  of  chromate  of  lead,  or  of  oxide  of  copper ;  then  drop 
in  the  small  cylinder  with  the  substance,  and  let  the  oil  com- 
pletely  run  out  into  the  tube;  make  it  spread   about   in 
various  directions,  taking  care,  however,  to  leave  the  upper 
side  (intended  for  the  channel)  and  the  forepart,  to  the  ex- 
tent of  ^  or  ^  of  the  length  of  the  tube,  entirely  clean.     Fill    ^ 

the  tube  now  nearly  with  chromate  of  lead  or  oxide  of  cop-    -gig.  89. 
per, — which  has  previously  been  cooled  in  the  filling  tube  or 
flask, — ^taking  care  that  the  little  cylinder  which  contained  the  oil  be 
completely  filled  with  the  oxidizing  agent.     Place  the  tube  in  hot  sand, 
which,  imparting  a  high  degree  of  fluidity  to  the  oil,  leads  to  the  per- 
fect absorption  of  the  latter  by  the  oxidizing  agent,  and  proceed  with 
the  combustion  in  the  usual  way.     It  is  advisable  to  select  a  tolerably 
long  tube.     Chromate  of  lead  is  usually  to  be  preferred.     If  it  is  used, 
^  very  intense  heat,  sufficiently  strong  to  fuse  the  contents  of  the  tube, 
is  cautiously  applied  in  the  last  stage  of  the  process. 

Solid  fats  or  waxy  substances  which,  not  being  reducible  to  powder, 
cannot  be  mixed  with  the  oxidizing  agent  in  the  usual  way,  are  treated 
in  a  similar  manner  to  fatty  oib.  They  are  fused  in  a  small  weighed 
glass  boat,  made  of  a  tube  divided  lengthwise  ;  when  cold,  the  little  boat 
with  its  contents  is  weighed,  and  then  dropped  into  the  combustion  tube, 
which  has  been  previously  tilled  to  the  extent  of  about  6  cm.  with 
chromate  of  lead,  or  with  oxide  of  copper.  The  substance  is  then 
fused  by  the  application  of  heat,  and  made  to  spread  about  in  the  tube 
in  the  same  manner  as  is  done  with  fatty  oils ;  the  rest  of  the  operation 
%l80  being  conducted  exactly  as  in  the  latter  case.  If  chi'omate  of  load 
is  employed  it  wiU  be  found  advantageous  to  add  some  bichromate  of 
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potfwn  (A  177^.  If  oxide  of  oopper  be  lued,  finiah  in  a  slniiii  d 
oxygen  (g  176^. 

2.  If  it  ifl  intended  to  efSad  the  oombnation  of  fa^Uy  subifeueMci 
other  bodies  of  the  kind  in  a  onirent  of  oxjgen  gas,  in  the  appaiiiM 
described  in  §  178,  the  substanoe  is  weighed  in  a  poroelain  or  pktiBOi 
boat,  which  is  then  inserted  into  the  tube,  and  tbe  poaterior  psrtof tb 
latter  filled  with  oxide  of  oopper,  aa  directed  above.  The  ooaibaitui 
must  be  conducted  with  great  care.  Aa  soon  aa  tbe  oxide  of  copper  ii 
the  anterior  and  the  posterior  parte  of  the  tube  ia  red-hot^  a  pieeiof 
red-hot  charcoal  is  put  to  the  part  occupied  by  the  little  boat.  Tbi 
volatile  products  generated  by  the  dry  diatillation  of  the  aubataaoe  bum 
at  the  expense  of  the  oxide  of  copper. 

When  it  ia  perceived  that  the  sur&oe  layer  of  the  oxide  of  oc^j^a 
reduced,  the  application  of  heat  to  the  substance  is  auapended  for  i 
time,  and  resumed  only  after  the  reduced  copper  is  reoxidiaed  ia  \k 
stream  of  oxygen  gas.  Care  is  finally  taken  to  insure  the  ooaqM 
combustion  of  the  carbon  remaining  in  the  boat. 

Supplement  to  A.,  §§  174—181. 
§182. 
MoDiFiBD  Apparatus  for  the  Absorption  or  CABBOiao  A(m 

G.  J.  Mulder  *  has  replaced  the  potaah  bulba  altogether  by  a  totaOy 
different  absorption  apparatus,  viz.,  by  the  apparatua  already  descrilied, 
p.  293.  The  chloride  of  oilcium  tube  ia  immediately  connected  vhk 
the  system  of  TJ-tubes,  fig.  90 ;  a  contains  small  pieces  of  glass,  6  to  10 
drops  concentrated  sulphuric  acid,  and  at  the  top  asbestos  plugs.  ( i* 
filled  to  I  with  granulated  soda-lime  (say  20  grm.),  the  remaining  |  (is 
the  2d  limb)  contains  chloride  of  calcium  (say  3  grm.).  Lastly,  c  is 
filled  with  lumps  of  hydrate  of  potassa.     a  and  b  are  weighed  togeth^) 

c  serves  as  a  guard  to  5,  and  is  iK)t 
weighed.  The  sulphuric  acid  tube 
serves  to  show  the  rate  of  the  evolu- 
tion of  gas  ;  it  contains  enough  sul- 
phuric acid,  when  the  lower  part  is 
just  stopped  up.  If  the  process 
goes  on  properly,  the  weight  of  tl»e 
tube  does  not  increase  more  than  1 
mgrm. ;  generally  the  increment  is 
imweighable.  If  the  tube  is  closed 
after  use  with  caoutchouc  caps,  it 
may  be  used  over  and  over  again. 
The  sulphuric  acid  |>o88es8es  the  ad- 
vantage over  other  fiuids  that  it  inr 
dicates  whether  the  combustion  was 
Pig.  90.  complete  or  not;   for   in  the  first 

case  it  remains  colorless,  in  the  sec- 
ond it  becomes  brown  from  the  escaping  hydrocarbons,  and  then  the 
results  cannot  be  expected  to  be  perfectly  accurate.     The  absiH-ption  of 

the  carbonic  acid  by  the  sodarlime  tube  is  as  rapid  as  it  is  complete; 

'  —  *  ■     »  " 

*  Zeitschxift  J,  analyt  Chem.  1,  2. 


3S.]  OBQANIC  AKALT8I8.  43f 

1  when  a  stream  of  carbonic  acid  is  passing,  with  ten  times  the  ra- 
tj  usual  in  organic  analysis,  no  trace  of  the  acid  makes  its  escape, 
absorption  of  the  carbonic  acid  is  attended  with  warming  of  the  soda* 
I ;  if  any  water  evaporates  from  the  soda-lime,  it  is  retained  by  the 
ride  of  calcium  in  the  second  limb.  The  corks  of  the  absorption 
s  are,  like  the  others,  coated  with  sealing-wax.     A  filled  soda-lime 

weighs  about  40  grm.  The  first  time  it  is  used  alone ;  the  second 
t  the  same  tube  is  used,  but  as  a  precautionary  measure  a  second 
larly  filled  and  separately  weighed  tube  is  placed  in  front  of  it* 

second  tube  rarely  increases  in  weight,  and    unless  it  does,  the 

tube  can  be  used  a  third  time,  but  of  course  in  connection  with  the 
nd.  If  the  second  tube  has  gained  in  the  third  operation,  the  first 
}  is  rejected  at  the  fourth  operation,  and  the  second  is  now  used 
e,  (fee.  If  after  the  combustion  a  stream  of  oxygen  is  transmitted 
ugh  the  combustion  tube,  the  tubes  are  of  course  at  the  end  full  of 
;en.  If,  then,  care  be  taken  that  the  tubes  are  full  of  oxygen  before 
rhing,  the  trouble  of  the  final  transmission  of  air  may  be  saved. 

weighing,  Mulder  closes  the  ends  of  the  glass  tubes  with  caps 
e  out  of  india-rubber  tube. 

!uLDER^s  absorption  apparatus  is  peculiarly  suitable,  when  the  car- 
0  acid  is  mixed  with  another  gas.  It  insui*es  complete  absorption, 
ludes  the  evaporation  of  any  water,  and  offers  perfect  security  in 
of  the  sudden  occuiTence  of  a  too  rapid  evolution  of  gas. 

J.  Analysis  of  Compounds  consisting  of  Carbon,  Hydrogen, 

.  Oxygen,  and  Nitrogen. 

le  principle  of  the  analysis  of  such  compounds  is  in  general  this : 
le  portion  the  carbon  ai^d  the  hydrogen  are  determined  as  carbonic 

and  water  respectively;  in  another  portion^  the  nitrogen  is  deter- 
jd  either  in  the  gaseous  foi-m,  or  as  chloride  of  ammonium  and  bi- 
■ide  of  platinum,  or  by  neutralizing  the  ammonia  formed  from  the 
»gen ;  the  oxygen  is  calculated  from  the  loss. 

s  the  presence  of  nitrogen  exercises  a  certain  influence  upon  the 
lation  of  carbon  and  hydrogen,  we  have  here  to  consider  not  only 
method  of  determining  the  nitrogen,  but  also  the  modifications 
h  the  presence  of  the  nitrogen  renders  necessary  in  the  usual  me- 

of  determining  the  carbon  and  hydrogen. 

'ETERIUNATION    OF  THE   CaRBON    AND    HYDROGEN    IN   NITROGENOUS 

Substances. 
§  183. 

When  nitrogenous  substances  are  ignited  with  oxide  of  copper  or 
chromate  of  lead,  a  portion  of  the  nitrogen  present  escapes  in  the 
)us  form,  together  with  the  carbonic  acid  and  aqueous  vapor ; 
st  another  portion,  minute  indeed,  still,  in  bodies  abounding  in 
len,  not  quite  insignificant,  is  converted  into  nitric  oxide  gas,  which 
bsequently  transformed  wholly  or  partially  into  nitrous  acid  by  the 
Q  the  appai^tus.  The  application  of  the  methods  described  in  8§ 
&c.,  in  the  analysis  of  nitrogenous  substances  would  accordingly 
too  much  carbon  ;  since  the  potash  bulbs  would  retain,  besides  the 
)nic  acid,  also  the  nitrous  acid  formed  and  a  portion  of  the  nitric 
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oxide  (which  in  the  presence  of  potassa  deoomposeB  slowly  into  uitroa 
acid  and  nitroiiH  oxide.)  This  defect  may  be  remedied  by  aelectm;  i 
combustion  tube  about  12—15  cm.  longer  than  those  ooomioiilj  em 
ployed,  filling  this  in  the  usual  way^  but  finishing  with  a  loow  Itjer, 
about  9 — 12  cm.  long,  of  clean,  fine  copper  turmngs  (§  66,  5),  ort 
compact  roll  of  copper  wire-gauze.*  The  process  is  oommeooed  hj 
heating  these  copper  turnings  to  redness,  in  which  state  they  are  miiii' 
tained  during  the  whole  course  of  the  operation.  These  are  tbeooly 
modifications  required  to  adapt  the  methods  above  described,  for  tls 
/malysis  of  nitrogenous  substances.  The  use  of  the  metallic  copper 
depends  upon  its  property  of  decomposing,  when  in  a  state  of  inteoM 
ignition,  all  the  oxides  of  nitrogen  into  oxygen,  with  which  it  oombinei^ 
and  into  pure  nitrogen  gas.  As  the  metal  exercises  this  actum  only 
when  in  a  state  of  intense  ignition,  care  must  be  taken  to  maintiin  tiM 
anterior  part  of  the  tube  in  that  state  throu^^out  the  process.  As  m^ 
tallic  copper  recently  reduced  retains  hydrogen  gas,  and,  when  kept  fer 
some  time,  aqueous  vapor  condensed  on  the  suiiaoe,  the  copper  turmngs 
intended  for  the  process  must  be  introduced  into  the  tube  hot  as  tbey 
come  from  the  drying  closet  (which  is  heated  to  100^).  v.  De- 
BIO  recommends  to  compress  the  hot  turnings  in  a  tnbe  into  a  cylm* 
drical  form,  to  facilitate  theii*  rapid  introduction  into  the  oomlms- 
tion  tube. 

2.  If  it  is  intended  to  bum  nitrogenous  bodies  in  the  spparatoi 
described  in  8  178,  the  combustion  tube  should  be  about  80  cm.  kmg^ 
and  the  anterior  part  of  it  filled  with  a  layer  15—18  cm.  long^  of  dean 
copper  turnings.  Care  must  be  taken  to  keep  at  least  the  anterior  half 
of  the  turnings  from  oxidizing,  both  during  the  ignition  in  the  current 
of  air  and  during  the  actual  process  of  combustion.  When  the  opera* 
tion  is  terminated,  and  the  oxidation  of  the  metallic  copper  is  yisibly 
prognjssing,  tlie  oxygen  is  turned  ofi*,  and  the  cock  of  the  air  gasometer 
opened  a  little  instead,  to  let  the  tube  cool  in  a  slow  stream  of  atmoft* 
plieric  air. 

b.  Determination  op  the  Nitrogen  in  Oro.\nic  Compounds. 

As  already  indicated,  two  essentially  different  methods  are  in  use  for 
effecting  the  detennination  of  the  nitrogen  in  organic  compounds; 
viz.,  the  nitrogen  Ls  either  separated  in  the  pure  form  and  its  volunie 
measured,  or  it  is  converted  into  ammonia,  and  this  is  determine<l 
either  as  bichloride  of  platinum  and  chloride  of  ammonium,  or  by  neu- 
tralization. 

a.  Determination  of  tJie  Nitrogen  from  the  Volume, 

§184. 

DuMAs'  Method,  modified  by  Schiel. 

This  method  maybe  employed  in  the  analysis  of  all  organic  compoTmdi 
containing  nitrogen.  It  requires  a  graduated  glass  cylinder  of  about 
200  0.  c.  capacity,  with  a  ground-glass  plate  to  cover  it. 

•  Tho  copper  turnings  cannot  be  replaced  by  the  metallic  powder  obtained  bytibe 
reduction  of  the  oxide  with  hydrog'cn.  ns  this  obRtinatoly  retains  hydrogen*  and 
cousequently  decompases  appreciable  quantities  of  carbonic  acid  with  formatun 
of  carbonic  oxide.     Schr  tter,  Lautomann,  Joui-u.  f.  y.T^kt.  Chem.  77,  316. 
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The  combustion  tube  should  be  GO  or  70  cm.  long,  and  drawn  oiit  at 

the  posterior  end  to  a  stout  open  tail,  which  should  have  a  small  bulb  oi 

BweU  for  the  better  fastening  of  a  rubber  tube  to  it.     Introduce  into  it 

near  the  tail  a  plug  of  newly  ignited  asbestos,  then  a  layer  of  oxide  of 

copper,  4  cm.  long ;  after  this  the  intimate  mixture  of  an  accurately 

}        weighed  portion  of  the  substance  (0'3 — 0*6  grm.,  or,  in  the  case  of  com- 

po\mds  poor  in  nitrogen,  a  somewhat  larger  quantity)  with  oxide  of  cop 

I        per,  then  the  oxide  which  has  served  to  rinse  the  mortar,  followed  by 

I        *  layer  of  pure  oxide,  and  lastly,  a  layer  of  copper  turnings,  about  15 

<^Qt.  long.     Make  a  channel  along  the  top  of  the  tube  by  gentle  tapping. 

Connect  the  tube  with  the  bent  delivery  tube  c  f  (fig.  91),  and  place 


Fig.  91. 

^  the  furnace.    -Connect  the  tail  by  means  of  a  stout  tube  of  india  rub- 
ber with  an  apparatus  for  giving  a  continuous  stream  of  washed  car- 
bonic acid  gas.     Transmit  this  slowly  through  the  tube  for  half  an  hour, 
then  immerse  the  end  of  the  bent  delivery  tube  imder  mercury,  and 
invert  over  it  a  test  tube  filled  with  solution  of  pota^ssa.     If  the  gas 
bubbles  entering  the  cylinder  are  completely  absorbed  by  the  solution 
of  potassa,  this  is  a  proof  that  the  air  is  thoroughly  expelled  from  the 
tube.     But  should  this  not  be  the  case,  the  evolution  of  carbonic  acid 
must  be  continued  until  the  desired  point  is  attained.     When  the  gas  is 
completely  absorbed,  close  the  communication  between  the  CO3  genera- 
tor and  the  combustion  tube  by  a  screw  clamp  or  stop-cock,  invert  the 
graduated  cylinder,  filled  ^  with  mercury,  ^  with  concentrated  solution 
of  potassa,  over  the  end  of  the  delivery  tube,  with  the  aid  of  a  ground- 
glass  plate,*  and  proceed  with  the  combustion  in  the  usual  way,  heating 
first  the  anterior  end  of  the  tube  to  redness,  and  advancing  gradually 
towards  the  fkrther  end.      In  the  last  stage  of  the  process,  communica 
tion  is  reestablished  with  the  CO^  generator,  and  thus  the  whole  of  the 
nitrogen  gas  which  still  remains  in  the  tube  is  forced  into  the  cylinder. 
Wait  now  until  the  volume  of  the  gas  in  the  cylinder  no  longer  decreases, 
oven  upon  shaking  the  latter  (consequently,  until  the  whole  of  the  car- 
bonic acid  has  been  absorbed),  then  place  the  cylinder  in  a  large  and 
deep  glass  vessel  filled  with  water,  the  transport  from  the  mercurial 
trough  to  this  vessel  being  efiected  by  keeping  the  aperture  closed  with 

*  The  following  is  the  best  way  of  filling  the  cylinder  and  inverting  it  over 
ttie  opening  of  IJie  bent  delivery  tube: — The  mercury  is  introduced  first,  and 
the  air-bubbles  which  adhere  to  the  walls  of  the  vessel  are  removed  in  the  usual 
way.  The  solution  of  potassa  is  then  poured  in,  leaving  the  top  of  the  cylindei 
free,  to  the  extent  of  about  2  lines ;  this  is  cautiously  filled  up  to  the  brim  with 
pure  water,  and  the  ground-glass  plate  slided  over  it.  The  cylinder  ,is  now  in- 
verted, and  the  opening  placed  under  the  mercury  in  the  trough ;  the  glass  plate 
18  then  withdrawn  from  under  the  cylinder.  In  this  manner  the  operation  may 
3e  performed  easily,  and  without  soiling  the  fingers. 
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a  small  diah  filled  with  mercury.    The  meroiuy  and  the  aohitioa  of 
potnssa  sink  to  the  bottom,  and  are  replaced  by  water.     Immerse  ill 
cylinder,  then  raise  it  again  until  the  water  is  inaide  and  outside  on  n 
exact  level ;  road  off  the  volume  of  the  gas  and  mark  the  tempentmi 
of  the  water  and  the  state  of  the  barometer ;    calculate  the  wei|^t  of  the 
nitrogen  gaa  from  its  volume,  after  reduction  to  the  nonnai  tempenp 
ture  and  pressure,  and  with  due  regard  to  the  tension  of  the  aqueou 
vapor  (comp.  '*  Calculation  of  Analysea'^).     The  xeauha  are  goDgnJi^ 
somewhat  too  high,  viz.,  by  about  0*2 — 0*6  per  cent.;  thia  is  owing  to 
the  drcumstanoe  that  even  long-continued  transmission  of  carbonic  add 
through  tho  tube  fails  to  expel  every  trace  of  atmoepheric  air  adhfitu^ 
to  the  oxide  of  copper. 

It  is  highly  advisable,  before  making  any  nitrogen  detenmnttiooi 
with  this  method,  to  subject  a  nonpnitrogenoua  substance^  e.^.,  lugi^ 
to  the  same  process.  The  analyst  thereby  acquaints  himself  with  Hi 
extent  of  the  error  to  which  he  will  be  ezpoaed.  In  andi  an  expea* 
ment  the  quantity  of  unabeorbed  gas  should  not  exceed  1  or  1|-  c.c 

To  insure  complete  combustion  of  difficultly  combastible  bodiO) 
Streckeb  recommends  the  addition  of  arsenious  acid  in  powder  to  tiie 
oxide  of  copper  with  which  the  substance  Ib  to  be  mixed ;  the  azaeniofli 
acid  is  volatilized  by  the  action  of  the  heat,  the  fumes  burning  the  idide 
of  the  carbon  like  a  current  of  oxygen.  The  arsenious  acid  subtimei  is 
the  anterior  part  of  the  tube,*  arsenic  remains  in  the  copper. 

[Frankland  *  and  Gibbs  f  employ  the  Sprengel  mercuzy  ponqi  toss* 
haust  the  combustion  tube  of  air  previous  to  the  combustum,  and  ite- 
wards  to  transfer  the  nitrogen  to  the  receiver,  and  obtain  very  aoomsto 
results.] 

S,  Determination  of  ITitrogen  by  conversion  into  Ammonia, 

Vabrentrapp  and  Will's  Method. 

§185. 

This  method  may  be  applied  to  all  nitrogenous  compounds,  except 
those  containing  the  nitrogen  in  the  form  of  nitric  acid,  hyponitric  add, 
&c.|  It  is  based  upon  the  same  principle  as  the  method  of  examining 
organic  bodies  fornitrogen  (§  172,  1,  a),  viz.,  upon  the  circumstance  that, 
when  nitrogenous  bodies  are  ignited  with  the  hydrate  of  an  alkali,  tie 
water  of  hydration  of  the  latter  is  decomposed,  the  oxygen  forming  with 
the  carbon  of  the  organic  body  carbonic  acid,  which  then  combines  with 
the  alkali,  whilst  the  njdrogen  at  the  moment  of  its  liberation  combinea 
with  the  whole  of  the  nitrogen  present  to  ammonia. 

In  tho  case  of  substances  abounding  in  nitrogen,  such  as  uric  aad, 
mellon,  *tc.,  the  whole  of  the  nitrogen  is  not  at  once  converted  into 
ammonia  in  tMs  process ;  a  portion  of  it  combining  with  part  of  the 
carbon  of  the  organic  matter  to  cyanogen,  which  then  combines,  either 
in  that  form  with  the  alkali  metal,  or  in  foi-m  of  cyanic  acid  with  tie 
alkali.  Dii*ect  experiments  have  proved,  however,  that  even  in  such 
cases  the  whole  of  the  nitrogen  is  ultimately  obtained  as  anmionia,  if 

(♦  Journal  Chenou  Soc.,  18G8,  p.  90.] 

1+  Unjmblished  paper  read  before  National  Academy  of  Sciences,  Aug.,  1868.] 
II  Vegetable  matters,  oh  dried  plants,  containing  not  more  than  3  per  cent,  of 
NO  \  may  be  analyzed  by  this  method.   In  a  case  where  6  per  cent,  of  NOj  wa*  \  il 
sent,  a  loss  of  0*2  per  cent,  of  N  took  place  in  the  experiments  of  £.  Soliuiu.— 
Fres.  Zeitschrift  vL,  367J. 
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tliehjdnit«d  alkali  is  present  in  excess,  and  the  heat  aj.plied  Bufficientlf 
intense. 

As  in  all  orgatuouitrogeitouB  compoimda  the  carbon  preponderai«B  orei 
the  nitrogen,  the  oiddatioii  of  the  former,  at  the  expense  of  the  water, 
will  inTariablj  liberate  a  quantity  of  hydrogen  more  than  sufficient  tc 
ooavert  the  whole  of  the  nitrogen  present  into  ammouiii ;  for  instance, 
C^+4  H  0=2  C  0,+N  Ha  +  H. 
The  excess  of  the  liberated  hydrogen  escapes  either  in  the  free  state, 
or   xa  combination  with  the  not  yet  oxidized  carbon,  according  to  the 
rel&tive  projwrtions  of  the  two  elements  and  the  temperature,  as  marsh 
S*a»  olefumt   gas,  or  vapor  of  readily  condensible  hydrocarbons,  which 
S^aes  serve  in  a  certain  measure  to  dilute  the  amflionia.     Aa  a  certain 
*^lution  of  .that  pivduct  is  necessary  for  the  success  of  the  operation,  I 
^'^ll  here  at  once  Btat«  that  substances  rich  in  nitrogen  should  he  milled 
^'^th  more  or  less  of  some  non-nitrogenous  body —  sugar,  for  instance — ■ 
*^>   that  there  may  be  no  deficiency  of  diluent  gas. 

The  ammonia  is  determined  volumetrically,  see  §  208. 
aa.  Jteqititilet. 

1.  The  objectsenumerated  §174,and  aFoBCEujN  MoBTARfor  weigh- 
^'C^;  and  miung  the  substance. 

2.  A  Cokbustion-t[;be  of  the  kind  described  g  174,  3 ;  leng^  about 
40  cm.,  width  about  12  ram.  The  combustion  is  effected  in  an  ordi- 
>\ary  combustion  furnace  (6  174,  II). 

3.  SoDA'LiUE. — (3  60,  4),  It  is  advisable  to  gently  heat  in  a  pla- 
cinum  or  porcelain  diah,  a  quantity  of  the  Hoda-lime  sufficient  to  fill  the 
combustion  tube,  so  as  to  have  it  perfectly  diy  for  the  process  of  com- 
bustion, lu  the  analysis  of  non-volatile  substances,  the  best  way  is  to 
use  the  soda-lime  while  still  warm. 

4.  Asbestos. — A  small  portion  of  this  substance  is  ignited  in  a  pla- 
tinum crucible  previous  to  use. 

5.  A  Vabkentrapp  aud  Will's  Bulb- apparatus. — This  may  be  ob- 
tained from  the  shops.     Fig.  92  shows  its  form.     It  is  filled  to  tha 


Fig.  92. 
extent  indicated  in  the  drawing  with  standard  aulphuric  acid  g  204,  of 
which  20  c.c.  should  be  employed.     The  acid  is  introduced  either  by 
dipping  the  point  into  the  acid,  and  appljdng  suction  to  d,  or  by  n 
of  a  burette. 

In  order  to  guard  against  the  receding  of  the 
acid  into  the  combustion  tube,  Akeni>t  aiid  Ksoe 
have  suggested  the  form  indicated  fig.  93. 

6.  A  soft,  well-pei-forated  CoRlI,  which  fits  the 
•ombustion  tnbe  air-tight,  and  in  which  the  tube  d 
of  the  bulb  apparatus  fits  closely.  ^^^^ 

7.  A  SuoTioN-TUBE  of  caoutchouc  adapted  to  the  „     „ 
pi>int  of  the  bulb  apparatus.  ^' 


V 
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hh,  Hhe  Pivceas, 

Tbo  combustion  tube  is  half  filled  with  8od»-limey  which  is  tbeii  |» 
dually  trausferred  to  the  perfectly  dry^  and,  if  the  nature  of  the  nl^ 
Btanco  pormita,  rather  warm  mortar,  where  it  is  most  intimate^  nixdl 
with  the  weighed  substance,  forcible  pressure  being  carefully  svmdei; 
a  layer  of  soda-lime,  occupying  about  3  cm.,  is  now  iutrodnoed  iato 
the  posterior  part  of  the  combustion  tube,  and  the  mixture  fiUeda 
after ;  the  Litter,  which  will  occupy  about  20  cm.,  is  followed  by  i 
layer  of  about  5  cm.  of  soda-lime,  which  has  been  used  to  rime  Ibt 
mortal',  and  this  again  by  a  layer  of  12  cm.  of  pure  loda-lime,  lettiog 
thus  al>out  4  cm.  of  the  tube  clear.     The  tube  is  then  dosed  with 
a  loose  plug  of  asbestos,  and  a  fit^e  passage  for  the  evolYcd  gun 
formed  by  a  few  gentle  tajis ;  it  is  then  connected  with  the  bulb  tp* 
paralus  by  means  of  the  perforated  cork,  and  finally  placed  in  tlie  cofr 
bustion  furnace  (see  fig.  92). 

To  ascertain  whether  the  apparatus  closes  air-tight,  some  sir  ib  ex- 
pelled by  holding  a  piece  of  red-hot  charcoal  to  the  bulb  a^  and  the  ^ 
paratus  observed,  to  see  whether  the  liquid  will,  upon  cooling,  pennt* 
nently  assume  a  higher  position  in  a  thsoL  in  the  other  limb.  The  tobe 
is  then  gradually  surrounded  with  ignited  charcoal,  commencing  at  tbe 
anterior  part,  and  progressing  slowly  towards  the  tail,  the  opentioi 
being  conducted  exactly  as  in  an  ordinary  combustion  (§  175).  Cm 
must  be  taken  to  keep  the  anterior  part  of  the  tube  tolerably  Hot 
throughout  the  process,  since  this  will  almost  entirely  prevent  the 
passage  of  liquid  hydrocarbons,  the  pi'esence  of  which  in  the  standud 
acid  would  be  inconvenient.  The  asbestos  should  be  kept  8ufiicientl;f 
hot  to  guard  against  its  retaining  water,  and  with  this,  ammonia.  Hie 
combustion  should  be  conducted  so  as  to  maintain  a  steady  and  unin- 
terrnpcd  evolution  of  gas ;  there  is  no  fear  of  any  ammonia  escapiug 
uiiabsorbed,  even  if  the  evolution  is  rather  brisk ;  but  the  operator  must 
constantly  be  on  his  guard  against  the  receding  of  the  acid,  which  takes 
place  the  moment  the  evolution  of  gas  ceases,  and  this,  in  some  in- 
stances, with  such  impetuosity  as  to  force  the  acid  into  the  combustioa 
tube,  which  of  course  spoils  the  whole  analysis.  This  difficulty  niavbe 
readily  met,  however,  by  mixing  with  the  substance  an  equal  qoantilj 
of  sugar,  which  will  give  rise  to  the  evolution  of  more  permanent  gases 
diluting  the  ammonia. 

Wlieu  the  tube  is  ignited  in  its  whole  length,  and  the  evolution  of 
gas  has  totally  ceased,*  the  ])oint  of  the  combustion  tube  is  broken  ofll 
and  air  to  the  extent  of  several  times  the  volume  of  the  gas  in  the  tube 
is  sucked  through  the  apparatus,  to  force  all  the  rest  of  the  ammonia 
into  the  acid. 

Liquid  nitrogenous  compounds  are  weighed  in  small  sealed  glass  bulbs, 
and  the  process  is  conducted  as  directed  §  180,  with  this  difference,  that 
soda-lime  is  substituted  for  oxide  of  copper.  It  is  advisable  to  employ 
tubes  of  gi'eater  length  for  the  combustion  of  liquids  than  are  require 
for  solid  bodies.  The  best  method  of  conducting  the  operation,  is  to 
neat  fii-st  about  one-tliird  of  the  tube  at  the  anterior  end,  and  then  to 
force  the  liquid  from  the  bulbs  into  the  tube  by  heating  the  hinder 
end  of  the  latter ;  the  expelled  liquid  will  thus  become  diffused  in  the 

*  This  is  indicated  by  the  white  color  which  the  mixture  reaasomes  when  aD 
the  carbon  deposited  on  the  surface  is  oxidized. 
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J  part  of  the  tube,  without  being  decomposed.  By  a  progresmve 
atioD  of  heat,  proceeding  slowly  from  the  anterior  to  the  [loaterior 
t  steady  and  uniform  evohition  of  gas  may  be  easily  maintained, 
hea  tbe  combustion  iit  terminated,  the  bulb  apparatus  is  emptied, 
)gh  the  opening  at  the  point  into  a  beaker,  and  rinsed  with  water 
I  the  riiuiings  cease  to  manifest  acid  reaction. 

[le  excess  of  acid  is  determined  by  means  of  standard  potash  solu- 
and  cochineal  tincture,  or,  if  tbe  acid  is  so  colored  that  the  point 
icatralization  cannot  readily  be  decided  by  cochineal,  employ  slips  of 
mrio  paper  («!e§  208). 

.t  is  advantageous  to  use  a  rather  dilute  acid,  1  c.c.=dJ-00-'>  grm.  of 
rt^n.      Tbe  receiver  (fig.  94)  may  be  advantageously  substituted 
■  the  bulb-tube.     The  tube  a—previously  provided  with  the  caout- 
ouc  stopper  b — is  first  connected  by  the  aid  of  a  goovl  cork  with  the 
nibustion  tube,  and  then  the  U-tube  c — having  been  charged  with  tbe 
■oper  quantity  of  acid  from  a  Mohb's  burette— is  added.     At  the  ter- 
liuation  of  the  combustion,  when  air  hiis  been  drawn 
jrough  the  apparatus,  the  tube  a  is  rinsed  into  the 
pparatus  c,  some  tincture  of  cochineal  added,  and 
itandard  alkali  run  into  tlm  tube  from  a  second  bu- 
rette, until  the  acid  is  almost  neutralized.    Now  pour 
the  contents  of  the  apparatus  into  a  benkcr,  rinse 
with  water,  and  complete  the  neutralization.      With 
this  receiver  neither  receding  nor  spirting  is  possible. 
By  not  pouring  out  the  fluid  till  the  po^t  of  satu- 
ration is  nearly  attained,  you  require  less  water  for 
rinsing  tbe  tube.     This  method  is  rapid  and  accu- 
rate. 

[Iron  gas  tubes  may  be   advantas^ously  substi-  ___ 

tut«d  for  glass  tubes.     They  are  closed  at  the  rear  pj^^  94 

with  a  cork,  carrying  a  bit  of  glass  tube  drawn  out 
to  a  sealed  tail.  The  mixture  is  confined  to  its  place  by  loose  asbestos 
plugs.  The  corks  are  kept  from  charring  by  wrapping  the  end  of  the 
tube  with  two  or  three  thicknesses  of  GIter-pnper,  which  is  kept  wet  by 
a  wash-flask,  or  by  dip]>ing  the  de|>eniliug  end  into  a  vessel  of  water. 
The  tubes  should  be  Ifi  cm.  long,  and  9  cm.  at  each  end  should 
project  from  the  fire  and  be  protected  with  wet  paper. 

C.   AmALTSIB  of  ORGAMn  COMPOUNIiS  CONTAININO  SULPHliR  • 

§186. 
The  usual  method  of  determining  the  carbon  in  organic  bodif-s — viz., 
by  combustion  with  oxide  of  copper  or  chromate  of  lead — wouhl  give  re- 
mits too  high  in  the  analysis  of  compounds  containing  sulphur,  since — 
more  e.fpecially  if  oxide  of  copper  is  used — a  portion  of  the  sulphur 
would  be  converted  in  the  process  into  sulphurous  acid,  which  woiild  be 
absorbed  with  the  carbonic  acid  in  the  potash  bulbs.  Carius  recom- 
mends to  bum  substances  containing  sulphur  In  a  tube  60 — 80cm.  long, 
with  chromate  of  lead,  care  being  taken  that  the  anterior  10 — 20  cm., 
which  contain  pure  chromate  of  lead,  are  never  heated  above  low  red- 
ness. The  chromate  of  lead  may  he  used  again  three  or  four  times 
without  refusion  ;  and,  finally,  if  treated  by  Voiil's  method  (p.  97),  ii 
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is  jtiflt  as  til  for  1IWUB  if  it  hnd  not  been  emploTed  for  the  cotDbiiBtiot 
of  a  HiiiMttADO;   coutainiiig  Hiilphur. 

The  prenenee  of  suljihiir  ciemunds  no  nio<iifiofttioii  in  the  prowo 
de«erib«>d  §§  184  and  ISfi,  for  tiie  detemiiuation  of  nitrogen.  Id  m^ 
BteiiPfH  containing  oxygen  in  presence  of  sululmr,  the  oxygen  in  any 
mated  from  the  loss. 

As  rrgardn  the  ettitruUion  of  th*  &a}.phur  in  organic  compounds,  Itu 
element  is  InTariably  weighed  in  the  form  of  aniphate  of  baryta,  ink 
wliicli  it  may  be  converted  either  in  the  dry  or  in  the  wet  way. 
a.   Metiiodi  in  the  Dry  Way. 

1.  JtMiod  mtiloMe,  more  particularly,  to  determine  tilt  fulphur  intmt- 
volttlile  Suhttajuttx  poor  in  Siiiphur,  e.g.,  in  the  to-called  J'tvUin  tW 
pmtml/i  (v.  LiXBio). 

Put  Bome  lumps  of  hydrate  of  potassa,  free  from  sulphuric  acid  (^  66, 
6.  c),  into  H  cap&cioun  silver  dish,  add  ^  of  pnre  nitrate  of  potuBiis,  utd 
fhse  the  mixture,  with  addition  of  a  few  drops  of  water.  When  the  nun 
is  cold,  add  to  it  a  weighed  quantity  of  the  finely  pulverized  buIwImim, 
fiine  over  the  lamp,  stir  with  a,  silver  spatula,  and  increase  the  heat,  con- 
tiuxdng  the  operation  tmtil  the  color  of  the  maas  shows  that  the  carban 
Hoparated  at  first  has  been  completely  consumed.  Should  this  occup)' 
too  much  time,  you  may  accelerate  it  by  the  addition  of  nitrata  of 
potaasa  in  nniatl  portions.  Let  the  mass  cool,  then  dissolve  in  water, 
Bupersaturate  the  solution  with  hydrochloric  acid  in  a  capacious  beaket 
covei-ed  with  a  glaas  diah,  and  precipitate  with  chloride  of  barium, 
Wash  the  precipitate  well  with  boiling  water,  fii'st  by  decantation,  then 
on  the  filter.  Dry  and  ignite.  Treat  the  ignited  sulphate  of  baryta  ai 
directed  p.  21)5  ;  if  this  latter  operation  is  omitted,  the  result  ia  almost 
always  too  hinli. 

2.  Method  adapted  tnore  particularly  for  the  Analygie  of  rton^volatSe 
or  di^fficidlly  volatile  Subilancei  conlaininff  more  than  5  per  cent,  of  Sul- 
phur (KOLBE*). 

Introduce  into  the  posterior  part  of  a  straight  combnstion  tube,t  ^0 — 
45  cm.  long,  a  layer,  7*^8  cm,  long,  of  an  intimate  mixture  of  8  parts 
of  pure  anhydrous  carbonate  of  soda,  and  1  pait  of  pure  chlorate  of 
potassa;  after  this  introduce  the  weighed  aubstance,  then  another 
layer,  7  or  8  cm.  long,  of  the  same  mixture;  mix  the  organic  compound 
intimately  with  the  carbonate  of  soda  and  chlorate  of  potassa,  by  means 
of  the  mixing  wire  (fig.  76,  p.  426)  ;  fill  up  the  still  vacant  part  of  the 
tube  with  anhydroua  carbonate  of  soda  or  potassa  mixed  with  a  little 
chlorate  of  potassa.  Clear  a  tcw/e  passage  from  end  to  end  by  a  few  gen- 
tle taps,  place  the  tube  in  a  combustion  furnace,  heat  the  anterior  part 
to  redness,  and  then,  progressing  slowly  toward  the  posterior  part,  pro- 
ceed to  surround  with  red-hot  charcoal  the  part  occupied  by  the  mix- 
ture. In  the  analysis  of  substances  abounding  incarbon,it  is  advisable  to 
introduce  into  the  posterior  part  of  the  tube  a  few  lumps  of  pure  chlorate 
of  potassa,  to  insure  complete  combustion  of  the  carbon,  and  perfect 
conversion  into  sulphates  of  the  coraiwunda  of  potassa  with  the  lower 
oxides  of  sulphur  that  may  have  formed.  The  sulphuric  acid  in  tlie  con- 
tents of  the  tube  ia  determined  as  in  1. 
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3.  Method  adapted  for  the  Analysis  both  of  non^volaiUe  and  volatiU 
Substances^  but  more  especially  ike  latter  (Debus*). 

Dissolve  1  eq.  (149  parts)  of  bichromate  of  potassa  purified  by  recrys* 
tallizatiou,  and  2  eq.  of  carbonate  of  soda  (106  parts)  in  water,  evapo- 
rate the  solution  to  dryness,  reduce  the  lemon-colored  saline  mass  (KO, 
OrOj-hNaO,  CrOgH-NaO,  CO2)  to  powder,  heat  to  intense  redness  in  a 
Hessian  crucible,  and  transfer  still  hot  to  a  filling-tube  (fig.  75,  p. 
426).t  When  the  powder  is  cold,  introduce  a  layer  of  it,  7 — 10  cm. 
long,  into  a  common  combustion  tube ;  then  introduce  the  substance,  and 
after  this  another  layer,  7 — 10  cm.  long,  of  the  powder.  Mix  inti- 
mately by  means  of  the  mixing  wire,  then  fill  the  still  unoccupied  part 
of  the  tube  with  the  saline  mixture,  and  apply  heat  as  in  an  ordinary 
ultimate  analysis.  When  the  entire  mass  is  heated  to  redness,  conduct 
a  slow  stream  of  dry  oxygen  gas  over  it  for  \ — 1  hour.  When  cold, 
wipe  the  ash  off  the  tube,  cut  the  latter  into  several  pieces  over  a  sheet 
of  paper,  and  treat  them  in  a  beaker  with  a  sufiicient  quantity  of  water 
to  dissolve  the  saline  mass.  Add  hydrochloric  acid  in  tolerable  excess, 
then  some  alcohol,  and  apply  a  gentle  heat  until  the  solution  shoWs  a 
beautiful  green  color ;  filter  ofl'  the  sesquioxide  of  chromium  produced 
by  the  combustion  (this  contains  sulphuric  acid) ;  wash  first  with  water 
containing  hydrochloric  acid,  then  with  alcohol,  dry,  and  transfer  to  a 
platinum  crucible;  add  the  filter-ash,  mix  with  1  part  of  chlorate 
and  2  parts  of  carbonate  of  potassa  (or  soda),  and  ignite  until  the  ses- 
quioxide of  chromium  is  completely  converted  into  alkaline  chromate. 
Dissolve  the  fused  mass  in  dilute  hydrochloric  acid,  and  reduce  by  heating 
with  alcohol ;  add  the  solution  to  the  fluid  filtered  from  the  sesquioxide 
of  chromium,  heat  the  mixture  to  boiling,  and  precipitate  the  sulphuric 
acid  with  chloride  of  barium.  Debus's  test-analyses  were  very  satis- 
fisMjtory ;  thus  he  obtained  99*7 0  and  99*50  of  sulphur  for  100,  again 
30*2  of  sulphur  in  xanthogenamide  for  30*4,  <&c. 

4.  Method  eqtLoUy  adapted  fw  the  Analysis  of  Solid  and  Liquid 
Volatile  Compotinds,     (W.  J.  Russell; J  suggested  by  Bunsen.) 

Introduce  into  a  combustion  tube,  40  cm.  long,  sealed  at  the  posterior 
end,  first  2 — 3  grm.  pure  oxide  of  mercury,  then  a  mixture  of  equal 
parts  of  oxide  of  mercury  and  pure  anhydrous  carbonate  of  soda,  mixed 
with  the  substance,  and  fill  up  the  tube  with  carbonate  of  soda  mixed 
with  a  little  oxide  of  mercury.  Connect  the  open  end  of  the  tube  with 
a  gas  delivery  tube  dipping  under  water,  to  effect  the  condensation  of  the 
mercurial  fumes.  Place  a  screen  in  front  of  the  part  of  the  tube  occu- 
pied by  the  substance,  then  heat  the  anterior  part  to  bright  redness,  and 
maintain  this  temperature  during  the  entire  process.  At  the  same 
time,  heat  another  portion  of  the  tube,  nearer  to  the  end,  but  not  to  the 
same  degree  of  intensity,  so  that  there  may  be  alternate  parts  in  the 
tube  in  which  the  oxide  of  mercury  is  left  undecomposed.     When  the 

•  Annal.  d  Chem.  u.  Pharm.  76,  90. 

f  'the  saline  mass  must  always  first  be  tested  for  sulphur.  For  this  purpose 
a  small  portion  of  it  is  reduced  with  hydrochloric  acid  and  alcohol,  chloride  of 
oarium  added,  and  the  mixture  allowed  to  stand  12  hours  at  rest.  No  trace  of 
%  precipitate  should  be  discernible. 

X  Quart.  Joum.  Ohera.  Soc.  7,  212. 
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part  before  Hie  Kreen  ia  at  bright  redneu,  remove  the  screen,  hetl  tit 
mixnire  ccmtaining  the  substance,  regnlatiii^  the  apiilicutiun  of  Leu 
so  as  to  inanre  complete  decomposition  in  th<'  <x>urHe  of  10—15  niUiDta 
and  heat  at  the  same  time  the  still  unheat<'<l  parts  of  the  tube,  ita 
hmtly  also  tiie  pare  oxide  of  merciuy  at  the  r-xtrcme  eud.  The  gag  mut 
be  tested  from  time  to  time,  to  ascertain  whf  tlinr  it  contains  free  oi;gn. 
Dissolve  the  contents  of  tbe  tube  in  crater,  tuld  some  chloride  of  mo- 
cury,  to  decompose  the  sulphide  of  sodium  uliich  may  have  famnl, 
acidify  the  hydrochloric  acid,  oudize  the  sulphide  of  mercury  which 
may  have  formed  with  chlorate  of  potassa,  and  finally  ])recipitnlt  the 
sulphuric  acid  with  chloride  of  barium.  \V.  J.  Russell  obtainiMl  ti^ 
this  method  very  sati&ctory  results  in  the  iimLlysis  of  pure  eulphur, 
Bulpbocyauide  of  potassium,  and  bisulphide  of  carbon. 

(.  Method  in  the  Wet  Way* 

According  to  RivoT,  Beudamt,  and  DAQUiN.f  the  sulphur  in  orgaDio 
compounds  may  be  readily  determined  by  heating  with  pure  solution  uf 
potassa,  adding  2  volumes  of  water  and  conducting  chlorins  inlu  lh« 
fluid.     When  the  oxidation  is  effected,  the  solution  is  acidilied  and  frt«d 
from    tlie  excess  of  chlorine   by  application    of  heat,   then  filtered, 
and  the  filtrate  precipitated  by  chloride  of  bftrium.     Mr.  C.  J.  MeU       I 
in  my  laboratory,  has  employed  both  this  method  and  v.  Liebio's  (a,  1]      I 
in  the  analysts  of  fine  horn  shavings.     The  process  appears  couyenHBl     I 
and  exact.  {  | 

Subslanoes  leaving  an  ash  on  incineration,  nitd  which  may  thcrefbn 
be  preaomed-to  contain  sulphates,  are  boiled  with  hydrochloric  add; 
the  solution  obtained  is  filtered,  and  the  filtrate  tested  wi^  chloride  of 
barium.  If  a  precipitate  of  sulphate  of  bsryta  forms,  the  sulphur  con- 
tained in  it  is  deducted  from  the  quantity  found  by  one  of  the  metiiodi 
described  above ;  the  diflerencc  gives  the  quantity  of  the  sulphur  which 
the  annlyzed  substance  contains  in  organic  combination. 

D.    Determination  of  Phosphorus  in  Organic  CoMPOtTNDS. 

§  187. 

McLDER,  who  has  occupied  himself  much  with  the  determination 
of  phoHphorua  in  organic  substances,  recommends  the  followiag  me- 
thod :— 

Dissolve  a  weighed  portion  of  the  substance  by  boiling  with  hydro- 
chloric acid;  filter,  if  necessaiy,  and  determine  the  phosphoric  acid 
which  the  fluid  may  contain,  by  Berthier's  method  (§  131,  I.,  '{\. 
Boil  another  weighed  portion  of  the  subutance  with  nitric  acid,  t^.t 
ti-eut  the  fluid  in  the  same  way  as  the  hydrochloric  acid  solution.  If 
you  find  in  both  cases  the  same  percentage  of  phosphoric  acid,  the 
substance  contains  the  phosphorus  only  in  the  form  of  phosphorio 
acid  ;  but  if  you  obtain  a  larger  proportion  of  acid  in  the  second 
experiment  than  in  the  first,  the  ditfereuce  indicates  the  quantity 
of    phosphoric  acid    formed    hy  the  action  of    the    nitric    acid    upon 

['  Far  the  excellent  procesHes  of  CurinB.  see  Auual  d.  Ch?m  u.  Fharm.  IIS, 
11.] 

4  Comp.  rend  37,  83.1;  Joura.  f.  prakt.  Chrm.CI,  135, 

I  Two  experiments  were  made  with  caoh  method,  on  horn  dried  at  100*. 
The  percentages  oLitimed  ircre  at  follon^:— -By  t,  Liebig'a  method,  3'S7  and 
H34,'>;  bf  the  present  method. 3'J1  and333. 
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rli(wp}ioni8  contained  in   the  analyzed  compound  in  the  nnoxidized 
•tate. 

The  phosphorus  cannot  be  determined  by  incineration  of  the  sub- 
stance  and  examination  of  the  ashk  Yitellin,  which,  when  treated  with 
nitric  acid,  gives  3  per  cent,  of  phosphoric  acid,  yields  barely  0*3  per 
cent,  of  ash  (y.  Baumhauer). 

The  methods  described  in  §  186,  a,  1,  2,  4,  and  b,  may  also  be  em- 
ployed to  detenmne  the  total  quantity  of  phosphorus  in  organic  sub- 
^tences. 

K    Analysis  of   Organic    Substances  containing  Chlorine, 

Bromine,  or  Iodine. 

§  188. 

Subitanees  containing  JBromine  and  Iodine  are  analyzed  generally/  in 
*4  9  same  manner  as  those  containing  Chlorine, 

Those  portions  of  the  following  §  which  are  enclosed  between  square 
^^ackets  refer  exdusivdj/  to  combinations  of  Iodine  or  liromine^  as  the 
^^Mse  may  be. 

The  combustion  of  organic  substances  containing  chlorine  with  oxide 
Of  copper  gives  rise  to  the  formation  of  subchloride  of  copper,  which, 
'Were  the  process  conducted  in  the  usual  manner,  would  condense  in  the 
chloride  of  calcium  tube,  and  would  thus  vitiate  the  determination  of 
tihe  hydrogen.  This  and  every  other  eiTor  may  be  prevented  by  the 
employment  of  chromate  Of  lead  (§  177).  The  chlorine  is,  in  that  case, 
converted  into  chloride  of  lead,  and  retained  in  that  form  in  the  com- 
bustion tube. 

If  the  combustion  is  effected  with  oxide  of  copper  in  a  current  of 
oxygen,  the  subchloride  of  copper  is  decomposed  by  the  oxygen,  oxide 
of  copper  and  free  chlorine  being  formed  ;  the  latter  is  retained  partly 
in  the  chloride  of  calcium  tube,  partly  in  the  potash  bulbs.  To 
remedy  this  defect,  Staedeler  *  proposes  to  fill  the  anterior  part  of  the 
tube  with  clean  copper  turnings ;  these  must  be  kept  red-hot  during  the 
combustion,  and  the  current  of  oxygen  must  be  aiTested  the  moment 
they  begin  to  oxidize.  K,  Kraut  f  observes  with  reference  to  this  pro- 
cess that  it  is  well  to  place  a  roll  of  silver  foil,  about  5  inches  long,,  in 
front  of  the  layer  of  metallic  copper.  In  the  absence  of  the  silver  the 
transmission  of  oxygen  has  to  be  conducted  with  caution,  in  order 
that  no  chlorine  may  be  expelled  from  the  subchloride  of  copper  first 
formed,  but  by  adopting  Kraut's  recommendation  we  may  continue 
passing  the  gas  without  fear  till  it  escapes  free  from  the  potash  tube. 
[In  the  case  of  substances  containing  iodine,  it  is  needless  to  employ  me- 
tallic copper  as  well  as  silver  foil.]  The  silver  may  be  used  over  and 
over  again,  but  at  last  requires  ignition  in  a  stream  of  hydrogen.  Ac- 
cording to  A.  VoLCKER, J  the  evolution  of  chlorine  may  be  prevented  by 
mixing  the  oxide  of  copper  with  }  oxide  of  lead. 

[In  the  analysis  of  bodies  containing  bromine  the  above  methods  do 
not  always  answer,  v.  GtORUP-Besanez  |{  satisfied  himself  of  this  by 
analyzing  dibromotyrosin.  Whether  this  body  was  burnt  with  chro- 
mate of  lead,  with  a  mixture  of  chromate  of  lead  and  chromate  of  potash, 

*  AnnaL  d.  Chem.  u.  Pharm.  69,  335.     f  Zeitschrift  f .  analyt.  Chem.  2,  212. 
}  Chem.  Gaz.  1840,  245.  20.  |  Zeitschrift  f.  analyt.  Chem.  1,  439. 
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with  (mde  of  copper  and  oxygen  aud  au  anterior  layer  of  chromato  ol 
Iflad,  vith  an  anterior  layer  of  copjwr  turiiings,  whether  mixed  or  in 
tha  platimiia  boat,  in  whichever  way  the  amdysia  was  perfoiTued  tl>« 
carboDio    acid    always  came   out    seveiul    per-centa    too    low,    becaiiaa    ' 
mfttAlliO  lnt)mide  waa  formed,  which  fused  and  enclosed  carbon,  tbert^j 
praTentdsg  its  oudatioo.      The  following  process,  on   the   contrary, 
yielded  good  results : — Into  a  combustion  tube  drawn  out  to  a  loxsS 
poiutf  introduce  Hist  a  threo-Lnch  layer  of  oxide  of  copper,  then  a  plu^ 
■  of  asbestos,  tlien  a  mixture  of  the  substance  (finely  powdered)  vl  *;li 
about  an  equal  weight  of  wc!l-dri<>(i   oxid.-  nf  load  in  ii  jiorci'lain  Ul"*; 
again  a  plug  of  aabestoa,  then  gtannlat«d  oxide  of  copper,  then  chrom^ft 
of  lead  or  copper  tumingB.     First  heat  the  anterior  and  then  the  pc^  »■ 
tenor  layers  to  ignition,  s.od  warm   tliu   i<:<i-[.  wh'-yi   rW  Ixiiit    is,  v.-  rj 
cautiously  and  gradually:  everything  combustible  distils  over,  ani^^^^a 
at  the  oxide  of  copper  in  the  forqi  of  vapor,  and  is  there  burnt.     la 
the  boat  nothing  remains  but  a  mixture  of  bromide  ajid  oxide  of  lea.cE 
Complete  the  combustion  with  oxygen,  taking  care  not  to  heat  the  point 
where  the  boat  is  too  strongly,  nor  continue  the  tntuKmission  of  oxygen 
longer  than  necessary,  _  Observe  also  that  no  bromide  of  copper  sub- 
limes into  ^e  chloride  of  calcinro  tube.] 

As  regards  the  determination  of  the  cMorine  iUelf,  tliis  is  usually 
effected  either  (a)  by  igniting  the  substance  with  alkalies  or  alkaline 
earths,  by  which  process  all  the  chlorine  is  obtained  as  chloride,  or  (6) 
by  oxidizing  the  substance  with  nitric  acid,  kc.,  in  a  sealed  tube. 

a.  As  chlorine-free  lime  is  easily  obtainable  (by  burning  marble),  this 
body  is  usually  preferred  tn  cficct  the  decomposition.  It  must  always 
be  tested  tar  t^orine  previous  to  use. 

Introduce  into  a  combustion  tube,  about  40  cm.  loiu;,  the  poflterior 
end  of  whicb  is  sealed  and  rounded  like  a  t«st  tube,  a  hyer  of  lime,  8 
cm.  long,  then  the  substance,  after  this  another  layer  of  lime,  6  cm. 
long,  and  mix  with  the  wire ;  fill  the  tube  almost  to  the  mouth  with 
lime,  clear  a  &ee  paasage  for  the  evolved  gases  by  a  few  gentle  taps, 
and  apply  heat  in  the  usual  way.  Volatile  fluids  are  introduced  into 
the  tube  in  small  glass  bulbs.  Wlien  the  decomposition  is  terminated, 
dissolve  in  dilute  nitric  acid,  and  precipitate  with  solution  of  nitrate  of 
silver  (§  141).  Kolbe  recommends  the  following  process  to  obtain 
the  contents  of  the  combustion  tube : — When  the  decomposition  is  com- 
{iloted,  remove  the  charcoal,  insert  a  cork  into  the  open  end  of  the  tube, 
remove  every  particle  of  ash,  and  immerse  the  tube,  still  hot,  with  the 
.sealed  end  downwards,  into  a  beaker  filled  two-thirds  with  distilled 
water ;  the  tube  breaks  into  many  pieces,  and  the  contents  are  then  more 
readily  acted  upon.  As  in  this  method  the  ignition  of  compounds  abound- 
ing in  nitrogen  may  be  attended  with  formation  of  cyanide  of  calcium  or 
cyanide  of  sodium,  the  separation  of  the  chloride  and  the  cyanide  of  sil' 
ver,  if  required,  is  to  be  eflected  by  the  process  given  in  §  169,  6,  b 
(Neubauer  and  Kerner  *).  In  the  analysis  of  acid  organic  compounds 
containing  chlorine  (e.  g.,  chloronpiraylic  acid),  the  chlorine  may  often 
be  determined  in  a  simpler  manner,  viz.,  by  dissolving  the  substance 
onder  examination  in  an  excess  of  dilute  solution  of  potassa,  evapora- 
ting \f>  dryness,  and  igniting  the  i-esidue,  by  which  means  the  whole  of 
the  chlorine  present  is  converted  into  a  soluble  chloride  (LQwiq). 

■  AmuL  d.  Chem.  u.  Pharm.  101, 324,  344. 
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h.  In  more  readily  decomposable  compounds,  e,  g,,  in  the  substitution 
products  of  acidS|  the  halogen  may  also  be  determined  by  decomposing 
tlie  substance  by  contact  during  several  hours  with  water  and  sodium 
amalgam,  acidifying  the  fluid  with  nitric  acid,  and  precipitating  with  sil- 
ver solution  (KekulA  *). 


F.  Analysis  of  Oroanig  Compounds  contaxning  Inobganig  Bodies. 

§189. 

In  the  analysis  of  organic  compounds  containing  inorganic  bodies,  it 
is,  of  course,  necessary  first  to  ascertain  the  quantity  of  the  latter  before 
proceeding  to  the  determination  of  the  carbon,  <kc.,  as  otherwise  the 
amount  of  the  organic  body  whose  constituents  have  furnished  the  car- 
bonic acid,  water,  &c,,  not  being  known,  it  would  be  impossible  to  esti- 
mate the  oxygen  from  the  loss. 

If  the  substances  in  question  are  salts  or  similar  compounds,  their 
bases  are  determined  by  the  methods  given  in  the  Fourth  Section  ;  but 
in  cases  where  the  inorganic  bodies  ai^  of  a  nature  to  be  regarded  more 
or  less  as  impurities  (e,g.,  the  ash  in  coal),  they  may  usually  be  deter- 
mined with  sufficient  accuracy  by  the  combustion  of  a  weighed  portion 
of  the  substance  in  an  obliquely  placed  platinum  ci-ucible,  or  in  a  plati- 
num dish.  In  the  analysis  of  substances  containing  fusible  salts,  even 
long-continued  ignition  will  often  fail  to  eflect  complete  combustion,  as 
the  carbon  is  protected  by  the  fused  salt  from  the  action  of  the  oxy- 
gen. In  such  cases,  the  best  way  to  effect  the  purpose  is  to  carbonize 
the  substance,  treat  the  mass  with  water,  and  incinerate  the  undissolved 
residue ;  the  aqueous  solution  is,  of  course,  likewise  evaporated  to  dry- 
ness, and  the  weight  of  the  residue  added  to  that  of  the  ash. 

If  organic  compounds  whose  ash  contains  potassa,  soda,  baryta,  lime, 
or  strontia,  are  burnt  with  oxide  of  copper,  part  of  the  carbonic  acid 
evolved  remains  combined  with  the  bases.  As,  in  many  cases,  the  amount 
of  carbonic  acid  thus  retained  is  not  constant,  and  the  results  are,  more- 
over, more  accurate  if  the  whole  amount  of  the  carbon  is  expelled  and 
weighed  as  carbonic  acid,  the  combustion  is  eflected  with  chromate  of 
lead,  with  addition  of  ^  of  bichromate  of  potassa,  according  to  the  di- 
rections given  in  8  177.  Accurate  expeiiments  have  shown  that  in  this 
case  not  a  trace  oi  carbonic  acid  remains  with  the  bases. 

If  the  substance  is  weiglied  in  a  porcelain  or  platinum  boat,  and  the 
combustion  is  effected  according  to  §  178,  the  ash,  carbon,  and  hydrogen 
may  be  determined  in  one  portion.  The  amount  of  carbonic  acid  con- 
tained in  the  ash  is  added  to  that  found  by  the  process  of  combustion ; 
if  the  carbonic  acid  in  the  ash  cannot  be  calculated,  as  in  the  case  of  car- 
bonates of  the  alkalies,  it  may  be  determined  by  means  of  fused  borax 

(§  139,  n.,  c). 

In  burning  substances  containing  mercury,  the  arrival  of  any  of  the 
metal  at  the  chloride  of  calcium  tube  may  be  prevented  by  having  a  layer 
of  copper-turnings  in  the  anterior  part  of  the  combustion  tube,  and  by 
not  allowing  the  foremost  portion  to  get  too  hot. 


*  Jahresb.  v.  Kopp.  u.  Will  1861,  832. 
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etboda  in  uue  for  this  purpose,  which  I  iriH 


gl90. 

1.    W»  OKtrtain  the  amount  of  a  Body  of  known 
forvu  a  wdl-chameiervsed  Coinpound  wUh  tho  SubttanoB  toAow 
lont  i*  to  b«  determined. 

TioB  metiiod  a  pursued  in  detennining  the  eqmTaleait  of  tlte  organuc 
Adds  smd  orgsnio  bases,  and  of  many  indifferent  bodies  posaasMd  of  t^ 
property  of  combining  iritb  bases  or  aaida.  We  oocnpy  onraelTss  Iiesv 
mnply  with  the  process ;  the  mode  of  calculating  the  sqniTfUent  fran 
the  result*  obtained  will  be  found  under  "  The  Calculation  of  Anilj' 
see." 

a.  The  equivalent  of  organic  addm  is,  in  most  oases,  detennined  from 
the  silkier  Bait,  because  tba  analysiB  of  this  ia  -wenj  simple,  and  there  ii 
almost  always  the  positive  certaintj  that  tlie  analyiied  salt  is  not  ft  bssie 
or  hydrated  compound.  Other  Ralte  also  are,  howev^,  freqaently  used 
fbr  Uie  same  pAipose,  particularly  those  of  lead,  baryta,  and  lime.  (Ik 
the  analysis  of  \h»  lead  salts,  eepedal  care  must  be  taken  not  to  mistake 
basic  fbr  neutral,  nor  in  the  analysis  of  the  baryta  and  lime  salts,  hy- 
drated  Ua  aahydrous  salts.)  7or  the  manner  in  which  tlia  detetmina- 
tioD  of  the  boeee  in  question  is  effect«d,  I  refer  to  Section  W. 

h.  The  equivalent  of  organic  baiei  forming  well-cxystallisaUe  salts 
with  sulphuric,  hydrochloric,  or  any  other  eaiuly  determined  acid,  is  beet 
sscertained  by  estimating,  by  the  usual  methods,  the  acid  contsiined  in 
a  weighed  amount  of  the  salt. 

If  the  ealta  do  not  cryHtallize,  a  koown  quantity  of  the  dry  alkaloid  is 
(after  V.   LiEBjo)  introduced  into  a  drying  tube 
_  If  (fig.    95),  which  ia  then   accurately  weighed  with 

I  I  its  contents ;  a  slow  current  of  dry  hydrochloric 

9  I  acid  gaa  is  transmitted  through  the  apparatus  for 

1  \  I  some  time ;   the  tube  ultimately  heated  to  100° 

i^^Q^gg^^J  (see  p.  38,  fig.  21),  and  a  stream  of  atmospheric  ait 

transmitted  through  it ;  the  quantity  of  the  hy. 
^'  drochloric  acid  absorbed  is  found  from  the  increase 

in  theweight  of  the  tube.  The  accuracy  of  the  resultjimay  be  controlled 
by  dissolving  the  bydtochlorate  in  water,  and  precipitating  the  chlorine 
firom  the  solution  by  nitrate  of  silver.  The  equivalent  of  the  alkaloids 
may  be  determined  also  from  the  inHoIuble  double  salts  produced  by  pre- 
cipitating the  solution  of  theb-  hydrochlorates  with  bichloride  of  plati- 
num ;  the  double  chlorides  thus  produced  are  cautiously  ignited  (§  124), 
and  the  residuary  platinum  weighed. 

c.  In  the  case  of  indifferent  bodiee,  there  is  usually  no  choice  about 
the  matter,  and  we  have  to  determine  the  equivalent  from  the  lead  com- 
pound ;  since  many  of  these  substances  either  altogether  refuse  to  enter 
into  combination  with  other  bases  besides  lead,  or  only  form  with  them 
oompounds  which  cannot  be  obtained  in  a  state  of  purity.  Although  the 
determination  ofthe  equivalent  of  an  indifferent  body  &om  the  compound 
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^idch  the  latter  forms  with  lead  is  liable  to  leave  the  matter  in  doubt^ 

M  the  oxide  of  lead  will  often  combine  with  such  substances  in  varying 

Proportions,  yet  the  analysis  of  such  compoimds  is  always  interestuig  in 

t^ — that  we  learn  by  it  whether  the  organic  body  combines  with  the 

oxide  of  lead  without  alteration,  or  gives  up  water  upon  entering  into 

^Uabination. 

Organic  substances  will  also  occasionally  form  with  water  solid  and 
^^^T^llizable  compounds,  by  the  analysis  of  which  the  equivalent  of  th« 
^i^:ganic  body  may  be  determined. 

§191. 

2.  T*he  Specific  Ghamty  of  the  Vapor  of  the  Compov/nd  is  deter- 
9Uned, 

Of  the  numerous  methods  which  have  been  proposed  for  the  accom- 
plishnient  of  this  object,  I  shall  describe  only  those  two  which  are  more 
frequently  employed  in  laboratories  as  the  simplest  and  most  suitable. 
In  all  determinations  of  vapor  densities  it  is  necessary  that  the  tempera- 
ture at  which  they  are  made  should  be  sufficiently  raised  (at  least  30 — 40° 
above  the  boiling  point  of  the  substances),  so  that  the  vapor  may  pos- 
sess the  coefficient  of  expansion  of  the  gases.     The  extreme  importance 
of  this  rule  is  evident  from  the  fact  that  at  temperatures  only  slightly 
above  the  boiling  point  higher  densities  are  found,  the  densities  decreas- 
ing with  the  increase  of  temperature,  and  becoming  constant  only  after 
a  certain  point. 

A.  Process  op  Duioas. 

The  following  are  the  outlines  of  this  method : — A  light  glass  globe, 
filled  with  dry  air,  and  the  exact  capacity  of  which  is  afterwards  ascer- 
tained, is  accurately  weighed ;  the  weight  of  the  air  in  the  globe  is  cal- 
culated at  the  temperature  and  atmospheric  pressure  observed  during 
the  process  of  weighing,  and  the  result  subtracted  from  the  first  weight : 
the  difference  expresses  the  weight  of  the  exhausted  vessel.  A  more 
than  sufficient  quantity  of  the  substance,  the  density  of  the  vapor  of 
inrhich  it  is  intended  to  determine,  is  then  introduced  into  the  globe,  and 
exposed  to  a  uniform  temperature  sufficiently  above  the  boiling  point 
of  the  substance,  imtil  the  latter  is  completely  converted  into  vapor, 
and  the  excess  expelled,  together  with  the  atmospheric  air  originally 
contained  in  the  globe ;  the  vessel  is  then  sealed  air-tight,  and  weighed. 
The  difference  between  the  weight  found  and  that  of  the  exhausted 
^obe,  expresses  the  weight  of  a  given  volume  of  the  vapor ;  supplying 
thus  the  necessary  data  fbr  calculating  its  specific  gravity. 

It  is  hardly  necessary  to  remark  that  the  volume  of  the  air  and  the 
vapor  must  be  reduced  to  the  same  pressure  and  tempei*ature,  and  con- 
sequently that  the  state  of  the  barometer  and  thermometer  must  be 
noted  both  during  the  first  weighing  and  at  the  time  of  sealing  the  glass 
globe. 

This  method  is  of  course  applicable  only  to  substances  which  volatilize 
without  suffering  decomposition.  To  obtain  accurate  results,  it  is  indis- 
pensable that  the  substance  be  perfectly  pure. 

I  will  now  proceed  to  describe  the  process  ;  for  the  manner  of  correct- 
ing and  calculating  the  result^),  and  inferring  from  them  the  composition 
of  the  bodies  examined,  I  i*efer  to  §  204. 
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(I.  Apparatus  ami  otfter  Requisitea, 

1.  The  Substance. — From  6  to  8  grammes  are  required.     The  boiling 
point  must  be  pretty  accurately  known. 

2.  A  LIGHT  Glass  Globe  with  drawn-out  Neck. 
An  ordinary  globe  of  pure  glass  is  selected,  free  from  flaws  and  holding 

from  250  to  500  c.  c. ;  it  is  cai*e£iilly  rinsed  with  water,  and  then  thoroughljf 
dried.  After  this,  it  is  completely  exhausted,  dry  air  readmitted  into  it, 
and  the  same  operation  repeated.  The  neck  of  the  globe  is  then  softened 
near  the  bulb,  and  drawn  out  in  the  shape  represented  in  fig.  96. 

The  extreme  point  is  cut  off,  and  the  ^ges  sligbtly 
rounded  over  the  spirit-lamp.  (This  point  having  to  be 
sealed  air-tight  with  the  greatest  despatch,  at  a  subse- 
quent stage  of  the  process,  it  is  advisable  to  ascertain,  in 
the  first  place,  whether  the  glass  of  the  globe  is  readily 
fusible  or  not ;  this  may  be  done  by  trying  to  seal  the 
point  on  the  original  neck  of  the  balloon ;  should  this 
present  any  difficulty,  the  globe  is  unfit  for  the  intended 
purpose.) 

pig  9^^  3.  A  SMALL  Iron  or  Copper  Vessel  for  the  reception 

of  the  fluid  in  which  the  globe  is  to  be  heated  (see  fig. 
97).  The  fluid  which  is  to  serve  as  bath  must  admit  of  being  heated  to  at 
least  30 — 40*^  beyond  the  boiling  point  of  the  substance  under  examina- 
tion. Oil  will  answer  the  purpose  in  nearly  all  cases  where  a  tempera- 
ture higher  than  that  of  boiling  water  is  required ;  however,  a  chloride  of 
calcium  bath — if  its  temperature,  which  in  a  perfectly  saturated  bath  may 
be  raised  to  180°,  is  sufficiently  high  for  the  purpose — is  more  convenient 
than  an  oil-bath,  as  the  globe  may  be  more  easily  cleaned. 

4.  An  Apparatus  to  keep  the  Globe  in  Position. — This  may  be 

■r 

readily  made  with  a  handle  and  some  iron  wire.      During  the  operation, 
it  is  attached  to  a  retort-stand  (see  fig.  97). 

5.  A  quantity  of  Mercury  more  than  sufficient  to  fill  the  globe. 

6.  A  GRADUATED  TuBE  of  about  100  c.  c.  capacity. 

7.  A  Gas-  or  Spirit-lamp  and  Blowpipe. 

8.  A  correct  Barometer. 

9.  A  correct  Thermometer,  capable  of  indicating  the  highest  degree  of 
heat  the  ciise  under  examination  may  require. 

6.  Tlie  Process, 

a.  Weigh  the  globe,  placing  a  thermometer  inside  the  case  of  the 
balance.  Leave  the  globe  for  ten  minutes  on  th^  scale,  to  ascertain 
whether  its  weight  remains  constant.  If  so,  the  weight  is  noted,  together 
with  the  height  of  the  barometer,  and  the  temperature  indicated  by  the 
thermometer  inside  the  case. 

0,  Heat  the  globe  gently,  and  dip  the  point  deep  into  about  8  grm.  of 
the  substance,  which,  if  solid,  must  have  been  liquefied  by  the  application 
of  a  gentle  heat.  (If  the  substance  under  examination  has  a  high  fusing 
point,  the  neck  and  ]>oint  of  the  globe  likewise  require  heating,  to  guard 
against  the  fluid  solidifying  t^o  soon.)  When  the  globe  has  cooled — 
which,  in  the  case  of  very  volatile  substances,  is  to  be  accelei'ated  by  drop- 
ping ether  upon  it — the  fluid  entei*s  and  spreads  in  it.  Do  not  introduce 
more  than  5 — 7  grm. 


OttaABIC  AlTALiaiS. 
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I         y.  Heat  the  contents  of  the  vessel  3  to  from  40  to  50°,  and  i 
''     the  globe  hj  metuiB  of  the  i4>paratus  4,  and  also  a  thermometer,  in  the 
bath,  as  shown  in  fig.  97. 

Raise  the  temperature  of  the 
bftth  to  between  30  and  40° 
•bove  the  boiling  point  of  the 
■Ubstance.*  As  soon  as  the  tem- 
perature in  the  globe  is  som&- 
Wliat  higher  than  the  boiling 
point  of  the  substance,  the  Taper 
of  the  latter  rushes  out  through 
'the  orifice  of  the  neck  ;  the  force 
of  tiie  current  increases  at  first 
'^rith  the  temperature  of  the  bath, 
bnt  diminishes  afterwards  by 
4^rees,  and  finally  (after  about 
H>  minutes)  ceases  altogether. 
Should  any  of  the  vapor  have 
condensed  into  drops  in  the  point 
of  the  neck  projecting  out  of 

"Gte  bath,  these  may  be  at  once  reconverted  into  vapor,  by  moving  a  piece 
of  red-hot  charcoal  to  and  fro  under  it.  The  moment  that  &  perfect 
equilibrium  is  fully  established  at  the  desired  temperature,  seal  the  point 
of  the  globe,  by  means  of  a  spirit-lamp  and  blowpipe,  and  note  immediate- 
ly after  the  height  of  the  thermometer.  To  ascertain  whether  or  not  the 
point  is  hermetically  Eealed,  you  need  eimply  direct  a  current  of  air 
through  the  blowpipe  upon  the  projecting  point  of  the  neck  :  if  the  tube 
is  closed  hermetically,  a  Bmali  portion  of  the  vapor  condenses,  forming  a 
column  of  fluid,  which  is  retained  in  the  end  of  the  tube  by  capiUary 
attraction  ;  this  is  not  obBerved  if  the  tube  is  not  hermetically  sealed. 
Hie  height  of  the  barometer  also  is  noted  again,  if  it  has  changed  since 
the  first  observation. 

S.  Remove  the  sealed  globe  &om  the  bath,  allow  to  cool,  wash  most 
care^ly,  wipe  perfectly  dry,  and  weigh  again  in  the  same  manner  as 

f .  Immerse  the  pointed  end  of  the  globe  in  its  entire  length  ip  mercury, 
scratch  a  mark  with  a  file  near  the  end,  and  break  off  the  point ;  where- 
upon the  mercury  will  immediiitely  rush  into  the  globe,  a  vacuum  having 
been  created  in  it  by  the  coniiensation  of  the  vapor.  (In  this  operation, 
place  the  glass  globe  in  the  hollow  of  your  hand,  and  rest  the  latter  ujmn  ' 
the  edge  of  the  mercurial  trough.)  If  the  globe,  at  the  moment  of  seal- 
ing, was  perfectly  free  from  air,  it  wil!  fill  completely  with  mercury  ; 
otherwise,  an  air-bubble  will  remain  in  it.  In  either  case  transfer  the 
mercury  from  the  globe  to  the  graduated  tube  (G),  and  measure  accurately; 
if  there  was  air  in  the  globe  at  the  moment  of  eealing  it,  fill  it  now  with 
water,  and  measure  also  the  volume  of  the  latter  liquid  :  the  difierence 
between  the  volume  of  the  mercury  and  that  of  the  water  shows  the 
volume  of  the  air  which  bad  remained  in  the  globe. 

This  method,  if  properly  executed,  gives  nearly  accurate  results ;  for 
the  manner  of  calculating  the  latter,  I  refer  to  §  201. 

■  If  a  chloride  of  catcinm  or  oU-bath  ia  ased,  ;ou  mnat  endeavoT  to  maint-iJn 
a  nniform  temperature  towards  the  end  ot  the  process,  which  maj  be  eaail) 
itSeotad  by  propetlj  regfulating  the  heat. 


OBJUHIC  ARALTSU. 


B.   PflOCEsa  OF  QaY-LU88AC. 


HWi 


WLilst  b;  the  method  of  Ddhas  the  veight  of  the  amount  of  snbituM 
is  determined,  which  yieldii  under  definite  circumBtances  a  known  Tolmot 
of  vapor,  by  Gay-Lubsac'b  method  is  determined  the  volume  of  npoi 
yielded  under  definite  circumBtances  by  &  previously  weighed  amount  of 
substance.  The  original  process  has  been  judiciously  modified  bjH. 
ScBipr.*  The  apparatus  is  excessively  simple,  but  can  only  be  emplojeil  | 
for  temperatures  under  200°, — it  is  especiaUy  suited  for  tempentoret  ' 
under  100". 

TbA  cylinder  a  (fig.  98),  which  is  destined  to  measure  the  volume  of 
the  vapor,  ia  30 — 36  cm.  high  ud 
about  2  cm.  wide  ;  it  is  pravided 
with  a  millimetre  scale,  exunding 
to  the  open  end ;  a  table  which  must 
previously  be  drawn  up,  showe  the 
c.  c  corresponding  to  the  marks  (p. 
19).  The  outer  cylinder  b  is  sbmt 
40  cm.  high,  and  broad  in  propor 
tion.  Theheight  of  the  latterinthe 
inside  must  be  accurately  known  b 
mm.  The  handle  c,  which  is  filled 
with  lead,  embraces  the  closed  end 
of  the  measuring  tube  by  meam  of 
four  springs.  The  weight  of  Uiis 
handle  must  suffice  to  depress  the 
tube  when  filled  with  vapor,  and 
must  therefore  be  about  130  gtm., 
if  the  above  dimensions  are  strictly 
adhered  to.  The  handle  bears  a 
lateral  book,  on  which  the  thermo- 
meter ia  hung. 

A  layer  of  mercury,  about  15  mm. 
high,  is  first  put  into  the  outer 
cylinder  6.  The  measuring  cylinder 
is  perfectly  filled  with  mercury,  and 
inverted  in  a  shallow  mercurial 
trough.  A  weighed  quantity  of  the 
fluid  to  be  vaporized  in  a  bulb  of 
thin  glHBR  (fig.  99)  is  now  placed 
undernenth  the  opening  of  the  mea- 
suring cylinder,  and  alloweil  to  as- 
cend ;  the  cylinder  a  is  then  ti'aiisportfd  to  li,  with  the  aid  of  a 
>  loo  g-haudled  iron  spoon,  of  the  same  format  itt  in  general  use 

f\        for  combustioiia  iu  oxygen. 

Nt'  The  bursting  of  the  bulb  and  the  fomiation  of  vajKir  are 

next  brought  about  by  filling  the  out*r  cylinder  b  cautiously 

Fig.  09.    and  up  to  the  top  with  a  hot  fluid;     According  to  the  boiling 

point  of  the  substance  we  use  for  this  purpose  either  boiling 

wat«r,  or  some  saline  solution,  preferably  dilute  glycerine  or  a  solution 

of  chloride  of  calcium  in  dilute  glycerine.     Tlie  specific  gravity  of  the 

hot  fluid  is  to  be  determined  in  a  suitable  manner  (according  to  H.  ScHIFF, 

■  ZcitechrUt  f.  analyt.  Chem.  1,  S20. 


Fig.  98. 
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$ans  of  an  areometer).  The  outer  cylinder  stands  on  a  strong 
ipod  in  a  small  glass  trough ;  the  latter  serves  to  receive  the  fluid^ 
is  ejected  by  the  vapor  as  it  foiins  ;  it  is,  moreover,  filled  nearly  up 
!  level  of  the  mercury  in  the  outer  cylinder  with  the  hot  fluid,  in 
that  the  mercury  may  be  raised  to  the  same  temperature.  After  a 
inutes  the  rate  of  cooling  will  have  become  so  much  slowei*  that  the 
le  of  the  vapor  may  be  considered  stationary.  Finally,  the  pres- 
nd  temperature  are  noted,  also  the  height  of  the  mercury  in  the 
jring  tube,  and  in  the  outer  cylinder  (the  latter  being  read  off  on  the 
>f  the  measuring  tube). 

rhe  determination  of  the  vapor  densities  of  bodies  of  high  boiling 
is  made  after  the  method  of  De  ville  and  Troost,'*'  for  a  description 
Lch  I  must  refer  the  reader  to  the  original  memoir. 

§  192. 

k.  great  many  indifferent  organic  bodies  absolutely  refuse  to  combine 
Mises  or  acids ;  or  only  form  with  them  compounds,  from  which  the 
dent  of  the  organic  body  cannot  well  be  determined.  The  equiva- 
r  such  substance  is  determined  by  producing  by  the  action  of  acids, 
halogens,  ^.,  upon  the  body  under  examination,  new  compounds 
>wn  or  ascertainable  equivalents.  Or,  lastly,  the  equivalent  is  in- 
from  the  manner  in  which  the  compound  in  question  has  been 
1/  In  cases  of  this  description,  that  equivalent  is  assumed  to  be  the 
t  one  which  permits  the  most  simple  explanation  of  the  processes 
nation  and  decomposition. 

3  mode  of  determining  the  equivalent  of  substances  is  intimately 
;ted  with  the  higher  branches  of  organic  chemistry,  and  cannot  be 
ered  in  detail  here,  as  it  is  impossible  to  give  universally  appli* 
methods. 

*  Couipt.  Rend.  49,  239;  AnnaL  d.  Ghem.  u.  Fharm.  113,  48. 
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OALCULATION  OP  ANALYSES. 

^B  calculatioii  of  the  results  obtained  by  an  analTsiB  presappoM, 
M  an  indispensable  preliminary,  a  knowledge  of  tbe  general  laws  of  tbe 
combining  proportions  of  bodies,  on  the  one  hand,  and  of  the  moie  lim- 
pie  rules  of  anthmedo  on  the  other.  '  It  is  a  great  error  to  suppose  tbt 
the  ability  to  make  chomioal  calculations  involves  an  extensive  acquam* 
tance  wiUi  mathematics,  a  knowledge  of  decimal  fraotiiHis  and  siinplfl 
equations  being  for  the  most  part  sufficient.  These  remarks  aie  not  in* 
tended  to  dissuade  students  of  chemistry  from  pursuing  the  hi^j  iin- 
portant  study  of  mathematics ;  but  merely  to  encourage  those  who  hxn 
had  no  opportunity  of  entering  more  deeply  into  this  science,  and  viio, 
as  experience  has  shown  me,  are  often  alraid  to  venture  upon  ohemiol 
calculations.  For  this  reason,  I  have  made  the  whole  of  the  oalcolitiooi 
given  in  the  following  paragraphs,  in  the  most  intelligible  manner  pos- 
sible, and  without  logarithms. 

I.  Calculation  of  tJhe  Constituent  sought fi'om  the  Compound  obtainei 
in  the  Analytical  I^ocesSy  and  exhibition  of  the  Result  in  Per-oenk. 

§  193. 

The  bodies  the  weight  of  which  it  is  intended  to  determine,  are  sepa- 
rated, as  we  have  seen  in  Division  1.,  treating  of  the  '*  Execution  of 
Analysis,"  either  in  the  free  state,  or — and  this  most  frequently — m  cmr 
binations  of  known  composition.  Tlie  results  are  usually  calculated 
upon  100  parts  of  the  examined  substance,  since  this  gives  a  clearer  and 
more  intelligible  view  of  the  composition.  In  cases  where  the  several 
constituents  have  been  separated  in  the  free  state,  the  calculation  nay 
be  made  at  once ;  but  if  the  constituents  have  been  separated  in  com- 
bination with  other  substances,  they  must  tirst  be  calculated  from  the 
compounds  obtained. 

1.   Calculation  of  the  Results  into  JPer-cents  by  Weighty  in  Co»f* 
wJiere  the  Substance  saught  has  been  separated  in  the  Free  Staii' 

a.  Solid  JBodies,  Idquids,  and  Oa^seSj  which  have  been  deUr- 
mined  by  IVeight, 

§  194. 

The  calculation  here  is  exceedingly  simple. 

Suppose  you  have  analyzed  subchloride  of  mercury,  and  separated  th€ 
aiorcury  in  the  metallic  state  (§  118,  1).  2*945  grm.  subchloride  of  me^ 
cury  have  given  say  2*499  grm.  metallic  mejrcury. 
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2-945  :  2-499  ::  100  :  x 
X  =  84-85, 

which  means  that  your  analysis  shows  100  parts  of  subchloride  of  mer 
cury  to  contain  84-85  of  mercury,  and  consequently  15*15  of  chlorine. 

Now  as  the  subchloride  of  mercury  is  known  to  consist  of  2  eq.  mer- 
cury and  1  eq.  chlorine,  and  as  the  equivalent  numbers  of  both  these 
elements  are  ahto  known,  the  true  percentage  composition  of  the  bod^ 
may  be  readily  calculated  from  these  data.  When  analyzing  substances 
of  known  composition  for  practice,  the  results  theoretically  calculated 
smd  those  obtiiined  by  the  analysis  are  usually  placed  in  juxtaposition,  as 
this  enables  the  student  at  once  to  perceive  the  degree  of  accuracy  with 
^hich  the  analysis  has  been  performed. 

Thus  for  instance — 

Found.  Calculated  (compare  §  84,  h). 

Mercury 84*85 84-94 

Chlorine 15-15 15-06 


100-00  100-00 


5.   OcLsea  which  have  been  determined  by  Measiure, 

§  195. 

If  A  gas  has  been  determined  by  measure,  it  is,  of  course,  necessary 
first  to  ascertain  the  weight  corresponding  to  the  volume  found,  before 
^e  percentage  by  weight  can  be  calculated. 

But  as  the  exact  weights  of  a  definite  volume  of  the  various  gases  have 
l)een  severally  determined  by  accurate  experiments,  this  calculation  also 
is  a  simple  rule-of-three  question,  if  the  gas  may  be  measured  under  the 
same  circumstances  to  which  the  known  relation  of  weight  to  volume  re- 
fers.    The  circumstances  to  be  taken  into  consideration  here,  are : 

Temperatwre  and  Atmospheric  Preasfwre* 
Besides  these,  the  * 

Tension  of  the  Aqueous  Vapor 

may  also  claim  consideration  in  cases  where  water  is  used  as  the  confin- 
ing fluid,  or  generally  where  the  gas  has  been  measured  in  the  moist 
state. 

The  respective  weights  assigned  in  Table  V.*  to  1  litre  of  the  gases 
there  enumerated,  refer  to  a  temperature  of  0^,  and  an  atmospheric  pres- 
sure of  0*76  metre  of  mercury.  We  have,  therefore,  in  the  first  place, 
to  consider  the  manner  in  which  volumes  of  gas  measured  at  another 
temperature  and  another  height  of  the  barometer,  are  to  be  reduced  to 
0°  and  0-76  of  the  barometer. 

a,  JRedtiction  of  a  Volume  of  Gas  of  any  given  Temperature  to  0°, 
or  any  other  Temperature  between  0°  and  100°, 

The  following  propositions  regarding  the  expansion  of  gases  were  for- 
merly universally  adopted :  — 

1.  All  gases  expand  alike  for  an  equal  increase  of  temperature. 

2.  Tlie  expansion  of  one  and  the  same  gas  for  each  degn^e  of  the  ther- 
mometer is  independent  of  its  original  density. 

*  See  Tables  at  the  end  of  the  volume. 
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Although  the  oorrectness  of  these  propositions  has  not  beenfal^ 
confirmed  hj  the  minute  investigations  of  Magnus  and  Beonault,  jk 
they  may  be  safely  followed  in  reductions  of  the  temperature  of  tho« 
gases  which  are  most  frequently  measured  in  the  course  of  analytkil 
processes,  as.  the  coefficients  of  expansion  of  these  gases  scarcely  dife 
fi'om  each  other,  and  as  there  is  never  any  very  considerable  diff(B^ 
ence  in  the  atmospheric  pressure  under  which  the  gases  are  sevenlly 
measured. 

The  investigations  just  alluded  to  have  given 

0*3665 

as  the  coefficient  of  the  expansion  of  gases  which  comes  nearest  to  iho 
truth;  in  other  words,  as  the  extent  to  which  gases  expand  when 
heated  from  the  freezing  to  the  boiling  point  of  water.  They  expand 
therefore,  for  every  degree  of  the  centigrade  thermometeri 

2:^=0.003665. 
100 

If  we  wish  to  ascertain  how  much  space  1  c.  c.  of  gas  at  0^  will  occap) 
at  10"^,  we  find 

lx[l+ (10x0-003665)]  =  1-03665. 

If  we  wish  to  ascertain  how  much  space  100  c.  c.  at  0^  will  occupy 
at  IC",  we  find 

100  x[l  + (10x0-003665)] 
=  100  X 1-03665-.  103-665. 

If  we  wish  to  know  how  much  space  1  c  c.  at  10®  will  oocupy  at  (P, 
we  find 

; 1 =0-965. 

l  +  (10x0'003665) 

How  much  space  do  103-665  c.  c.  at  10°  occupy  at  0®  ? 

103.665 


l-i-(  10x0-003665) 


=  100. 


The  general  rule  of  these  calculations  may  be  expressed  as  follows : — 
To  calculate  the  volume  of  a  gas  from  a  lower  to  a  higher  temper- 
ature, we  have  in  the  first  place  to  find  the  expansion  for  the  volume 
unit,  which  is  done  by  adding  to  1  the  product  of  the  multiplication  of 
the  thermometrical  difierence  by  0-003665  ;  and  then  to  multiply  this 
by  the  number  of  volume  units  found  in  the  analytical  process.  On  the 
other  hand,  to  reduce  the  volume  of  a  gas  from  a  higher  to  a  lower  tem- 
perature, we  have  to  divide  the  number  of  volume  units  foimd  in  the 
analytical  process,  by  1  +  the  product  of  the  multiplication  of  the  ther- 
mometrical difierence  by  0*003665. 

/3.  deduction  of  the  Volume  of  a  Gets  of  a  certain  given  Density  to 
•76  Metre  JBarometric  Pressure^  or  any  other  given  Preeswre, 

According  to  the  law  of  Mariotte,  the  volume  of  a  gas  is  inversely 
as  the  pressure  to  which  it  is  exposed ;  in  accordance  with  this,  a  gas 
occupies  the  greater  space  the  less  the  pressure  upon  it,  and  the  less 
space  the  greater  the  pi*essure  upon  it. 

Thus,  supposing  a  gas  to  occupy  a  space  of  10  c.  c.  at  a  pressure  of 
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1  atmosphere,  it  will  occupy  1  c.  c.  at  a  pressure  of  10  atmospheres, 
aud  100  c.  c.  at  a  pressure  of  ^  atmosphere. 

Nothing,  therefore,  can  be  more  easy  than  the  reduction  of  a  gas  of 
a  certain  given  tension  to  760  mm.  bar.  pressure,  or  any  other  given 
preBSure,  e.g.j  1000  mm.,  which  is  frequently  used  in  the  analysis  of 


Supposing  a  gas  to  occupy  100  c.  c.  at  780  mm.  bar.,  how  much 
Bpace  will  it  occupy  at  760  mm.  ? 

•  760:  780::  100:  aj 

«= 102-63. 

How  much  space  will  100  c.  c.  at  750  mm.  bar.  occupy  at  760  mm.  ? 

760:750::100:aj 
a:=98-68. 

How  much  space  will  150  c.  c.  at  760  mm.  bar.  occupy  at  1000  mm.  ? 

1000:  760::  150:  a? 
a;=114. 

y.  deduction  of  tits  Volume  of  a  Ga$  acUurcUed  ivith  Aqueous  Vapor^ 
to  its  ctctual  Volu/me  in  the  Dry  State, 

It  is  a  well-known  fact  that  water  has  a  tendency,  at  all  temper- 
atures, to  assume  the  gaseous  state.  The  degree  of  this  tendency  (the  ten- 
lion  of  the  aqueous  vapor) — which  is  dependent  solely  and  exclusively  up- 
on the  temperature,  and  not  upon  the  circumstance  of  the  water  being  tTi 
vcusuo  or  in  any  gaseous  atmosphere — is  usually  expressed  by  the  height 
of  a  column  of  mercury  counterbalancing  it.  The  following  table  indi- 
cates the  amount  of  tension  for  the  various  temperatures  at  which  an- 
alyses are  likely  to  be  made.*** 

TABLE. 


TenRion  of  the 

Tension  of  the 

TemperatnTO 

aqueous  yapor 

Temperature 

aqueous  vapor 

(in  degrees  G. ) 

expressed  in 

(in  degrees  C.) 

expressed  in 

mUlimetres. 

millimetres. 

0 

4-525 

21 

18505 

1 

4-867 

22 

19-675 

2 

6-231 

23 

20-909 

8 

6-619 

24 

22-211 

4 

6  032 

25 

23-582 

6 

6-471 

26 

25  026 

6 

6-939 

27 

26-547 

7 

7-436 

28 

28-148 

8 

7-964 

29 

29-832 

9 

8-526 

30 

81-602 

10 

9-126 

81 

83-464 

11 

9-751 

32 

35-419 

12 

10-421 

83 

37-473 

13 

11-130 

84 

39-630 

14 

•      11-882 

85 

41-893 

15 

12-G77 

86 

44-268 

16 

13  519 

37 

46-758 

17 

14-409 

88 

49-368 

18 

15-351 

89 

52  103 

19 

16-345 

40 

64-969 

20 

17-396 

Ck>mpare  Magnus,  Pogg.  Annal.  61,  247. 


GALCULAtlOM   OF  AVALYUB.  [g  IH 

_iii'i<riOre,  if  a  gun  is  confinnl  ovi^t  wsttct,  its  volume  is,  etrleru pnriJ>iu, 
alwiiya  gii-ator  than  if  it  wereconftued  over  mercury;  Biucea  quaiilitroi 
■u^ueuiis  v&por,  proportion&l  to  the  t^mponiture  of  the  w«teT,  mixes  vit^ 
ttio  gAs,  And  the  t^inaion  of  tliis  partly  count«rbaJanc^  the  colunm  of  air 
tlmt  presses  upon  the  gas,  and  to  that  ext«nt  neutralizes  the  pressure 
To  asoertaiii  the  actual  presaui'e  upon  the  gas,  we  must  therefore  sab- 
tract  from  the  apjmreut  pressure  so  much  as  is  neulmlized  by  theteu- 
aion  of  thu  aqueous  vnpor. 

Suppose  we  had  found  a  gas  to  measure  100  c.  C.  at  ?59  mm.  hu^ 
the  tflmpemture  of  the  eoufiniiig  water  beuig  15°;  how  roiioh  spies 
would  this  volume  of  gas  oecu]iy  in  the  dry  slate  and  at  700  mm.  of  lie 
barometer? 

Our  tiibic  gives  the  tension  of  aqueous  vapor  at  15°  =  12'C77;  the  pa 

is  couHequently  not  under  t'-- 1  pressure  of  759  mm,,  but  ulJit 

the  actual  pressure  of  769  -  i  746323  mm. 

Tlie  calculation  is  now  very  eiuipiu  ;  it  proceeds  in  the  manner  ikovn 

700  :  746-323::  100  :» 
X  =  38-20. 
When  the  volume  of  a  gas  has  tliuB  been  adjuBt«d  by  the  ealculstioiii 
in  o  and  fi,  or  y,  U>  the  thermometrieal  and  barometrical  conditionaM 
which  the  data  of  Table  V.  refer,  the  ])ercentage  by  weight  may  qo«  le 
readily  calculated  by  substituting  tie  weight  for  the  volume,  aad  pro- 
ceeding by  Miuple  rule  of  three. 

What  is  tlie  (wrcentage  by  weight  of  nitrogen  in  an  analyxed  sob- 
stance,  of  which  0-5  grni.  have  yielded  30  c,  c,  of  dry  nitrogen  gw  at 
0°,  luid  7tiO  mm.  bar.  ? 

In  Table  T.  we  find  that  1  litre  (1000  c.  c)  of  nitrc^en  gaa  at  0*,iid 
760  mm.  bar.,  weighs  1-25456  grm. 
We  say  accordingly : 

1000:  1-25456::  30  :  x 
X  =  00376. 
And  then : 

0-5  :  0-0376::  100:  a 

X  =  7-52. 

The  analyzed  substance  contains  consequently  7'S2  per  cent  Ij 
weight  of  nitrogen. 

2.    Calculation  of  ths  Jlegvllg  into  Per-emU  ly  Weight,  in  Caia 
where  the  Sody  tougkt  has  been  ttparatwl  in  Combinatiott,  or  ahtri " 
Compound  lia»  to  be  determined  from  one  of  its  Comliluenti. 
§  196. 

If  the  body  to  be  determined  has  not  been  weighed  or  measured  in 
its  own  form,  but  in  some  other  form,  e.g.,  carbonic  acid  as  carbosalc 
of  lime,  sulphur  as  sulphate  of  baryta,  ammonia  aq  nitrogen,  chlorine  b; 
ft  standard  solution  of  iodine,  &c.,  its  quantity  must  first  be  reckoneo 
from  that  of  the  compound  found  before  the  calculation  described  in  1 
can  be  made. 

This  may  be  accomplished  either  by  rule  of  three  or  by  some  abridgw 
method. 

Suppose  we  have  weighed  hydrogen  in  the  form  of  wster,  and  b*'^ 
found  1  grm.  of  water;  how  much  hydrogen  does  this  oontaiuF 
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An  equivalent  of  water  consists  of: 

1  of  hydrogen 

8  of  oxygen 

9  water. 

We  say  accordingly : 

9  :  1::1  :» 
a;=0-lllll. 

From  the  above  proportion  results  the  following  equation : 

1     . 

0-lllllxl=«. 
Or,  expressed  in  general  terms : 

Water  xO'lUll=Jffi/droff en. 

'Example. — 

517  of  water ;  how  much  hydrogen  ? 
517xO-lllll=57-444. 

The  following  equation  results  also  from  the  above  proportion : 

9  1 


1 

X 

I 

9 

MOT 

X 

• 

1 

X 

^^^ 

_ 

"" 

9 

Or,  expressed  in  general  terms, 

Water  divided  6y  9  =  Hydrogen. 

Example. — 

617  of  water,  how  much  hydro^n  ^ 

517 

— =:57-444. 

In  this  manner  we  may  find  for  every  compound  constant  numbers  by 
which  to  multiply  or  divide  the  weight  of  the  compound,  in  order  to 
find  the  weight  of  the  constituent  sought  (comp.  Table  III.*). 

Thus,  for  instance,  the  nitrogen  may  be  obtained  from  the  double 
bichloride  of  platinum  and  chloride  of  ammonium,  by  dividing  the 
weight  of  the  latter  by  15*96,  or  multiplying  it  by  0*06269;  thus  the 
carbon  may  be  calculated  from  the  carbonic  acid  by  multiplying  the 
weight  of  the  latter  by  0*2727,  or  dividing  it  by  3*666. 

These  numbers  are  by  no  means  so  simple,  convenient,  and  easy  to 
remember  as  in  the  case  of  hydrogen.  It  is  therefore  advisable,  in  the 
case  of  carbonic  acid,  for  instance,  to  fix  upon  another  general  expres- 
sion, viz.y 

(7ar6m;icacu/x3_  ^^^^^ 

11  ' 


*  See  Tables  at  the  end  of  the  volume. 
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whicb  is  derived  from  the  projiortion 

S2  :  6  ; :  ttie  carbiinic  acid  found  :  z; 

The  object  in  view  may  also  be  attained  in  a  very  Biin])]e 
reference  to  table  IV.,*  which  gives  the  amount  of  the  conBtituent  bok^ 
for  every  number  of  the  compound  found,  &om  I  to  9  ;    the  opento 
need,  therefore,  simply  add  the  several  vaJueB  together. 

As  regards  hydrogen,  for  instance,  we  find  : — 


From  this  table  it  is  seen  that  1  part  of  water  contains  O'lllll  ofhy- 
drogen,  that  5  parts  of  water  contain  0-55355  of  hydrogen ;  9  parts, 
1-00000,  Ac. 

Now  if  we  wish  to  know,  for  instance,  how  much  Lydw>gen  ia  con- 
toined  in  5-17  parts  of  water,  we  find  this  by  adding  the  values  for  5 
parts,  for  -jij  part,  and  for  jf  j  parts,-  thus  : — 

0-55555 
O-OIUII 
0-0077778 


"Why  the 
lows: — 


nmnben  ue  to  be  placed  in  tliia  vuumBt,  and  not  a>  tol- 

0-66666 
O-llllI 
0-77778 
1-44444 

is  Belf-evident,  since  arranging  them  in  the  latter  way  would  be  adding 
the  value  for  6,  for  1,  and  for  7  (5  +  1  +  7  =  13)  and  not  for  5-17. 
This  reflection  shows  abo  that,  to  find  the  amount  of  hydrogen  contained 
in  5 1 7  parts  of  water,  the  points  must  be  transposed  as  follows : — 

55-556 

11111 

0-77778 
57-44388 

8.   CaJ^nUation  of  the  Regvltt^  Tndireel  Analyg«a  mta  Par-  Cent* 
by  Wtight. 

§  197. 
The  import  of  the  term  "  iTidirecf  anatyns,"  as  defined  in  §  161,  p.  337, 
shows  sufiiciently  that  no  nniversally  applicable  rules  can  be  laid  down 
for  the  calculations  which  have  to  be  made  in  indirect  analyses.  The 
selection  of  the  right  way  must  be  left  in  every  special  case  to  the  intelli- 
gence of  the  analyst.     1  will  here  give  the  mode  of  calculating  the  re- 

*  See  Tftblea  at  the  eod  of  the  volume. 
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milts  in  the  more  important  indirect  separations  described  in  Section  V 
Thej  maj  serve  as  examples  for  other  similar  calculations. 

a.  Jndirect  Determination  of  Soda  and  Potasea. 

This  is  effected  by  determining  the  sum  total  of  the  chlorides,  and  the 
chlorine  contained  in  them. 

The  calculation  may  be  made  as  follows : 

Suppose  we  have  found  3  grm.  of  chloride  of  sodium  and  chloride  of 
potassium,  and  in  these  3  gi-m.  1*6888  of  chlorine. 


Eq.  Chlorine. 

£q.  E  OL            Chlorine  found. 

35-46 

:        74-57       ::       1-G888 :  a 

X         —      3-5514. 

If  all  the  chlorine  present  were  combined  with  potassium,  the  weight 
of  the  chloride  would  amount  to  3*5514.  As  the  chloride  weighs  less, 
chloride  of  sodium  is  present,  and  this  in  a  quantity  proportional  to  the 
difference  (t.«.,  3*6514^ — 3=0-5514),  which  is  calculated  as  follows  : — 

The  difference  between  the  equivalent  of  K  CI  and  that  of  Na  01 
(16*11)  is  to  the  equivalent  of  Na  CI  (58-46),  as  the  difference  found  is 
to  the  chloride  of  sodium  present : — 

16-11:  58-46::0-5514:aj 
jc=2  Na  CI 
and  3-2=1  K  CI. 

From  this  the  following  short  rule  is  derived  : — 
Multiply  the  quantity  of  chlorine  in  the  mixture  by  2*1029,  deduct 
from  the  product  the  sum  of  the  chlorides,  and  multiply  the  remainder 
by  3-6288 ;  the  product  expresses  the  quantity  of  chloride  of  sodium 
contained  in  the  mixed  chloride. 

The  calculation  may  also  be  made  by  help  of  the  subjoined  formulas 
(Collier^). 

W==weight  of  mixed  chlorides 
C=    "         "chlorine. 
Na  Cl=Cx  7-6311)- (Wx  3-6288) 
K  C1=(W  X  4-6288)  -  (C  x  7-631 1) 
Na  0=(C  X  4-0466)  -  (W  x  1-9243) 
K  0=(Wx  2-9243) -(Cx  4-8210). 

6.  Indirect  Determination  of  Strontia  and  lAme, 

This  may  be  effected  by  determiniug  the  sum  total  of  the  carbonates, 
and  the  carbonic  acid  contained  in  them*  (§  154,  7).  Suppose  we  have 
found  2  grm.  of  mixed  carbonate,  and  in  these  2  grm.  0*7383  of  carbonio 
%cid. 

Eq.  C  Ot  Eq.  SrO.  CO,  C  Oa  found. 

22         :  73-75  ::         0*7383 :  a? 

X  =        2*47498. 

If,  therefore,  the  whole  of  the  carbonic  acid  were  combined  with 
strontia,  the  weight  of  the  carbonate  would  amount  to  2*47498  gi-m. 
The  deficiency ,=0*47498  is  proportional  to  the  carbonate  of  lime  pre- 
sent, which  is  calculated  as  follows : — 

The  diflerence  between  the  equivalent  of  Sr  0,0  0^,  and  the  equi va- 

♦Am.  Jour.  Bel.,  March,  1864,  p.  346. 
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lent  of  Ca  O,  0  O^,  (23*75)  is  to  tho  equivalent  of  C^  O,  C  O,  (50),  ai 
the  diflerenoe  found  is  to  the  carbonate  of  lime  contained  in  the  miied 
salt:— • 

23-75  :50::0-47498:  SB 

:1. 


The  mixture,  therefore,  consists  of  1  grm.  carbonate  of  lime  tnd  1 
grm.  carbonate  of  strontia. 

From  this  the  following  short  rule  is  derived : — 

Multiply  the  carbonic  aciikfound  by  3*3523,  deduct  from  the  prodnd 
the  sum  of  the  carbonates,  and  multiply  the  difference  by  2*10526;  the 
product  expresses  the  quantity  of  the  carbonate  of  lime. 

c.  Indirect  Determination  of  Chlorine  and  Bromine  (§  169, 1). 

•Let  us  suppose  the  mixture  of  chloride  and  bromide  of  silver  to  haTa 
weighed  2  grm.,  and  the  diminution  of  weight  consequent  upon  the 
transmission  of  chlorine  to  have  amounted  to  0*1  grm.  How  much 
chlorine  is  there  in  the  mixed  salt,  and  how  much  bromine  ? 

The  decrease  of  weight  here  is  simply  the  diflerence  between  ihe 
weight  of  the  bromide  of  silver  originally  present,  and  that  of  the  chlo- 
ride of  silver  which  has  replaced  it ;  if  this  is  borne  in  mind,  it  iB  easy 
to  understand  the  calculation  which  follows : — 

The  diiierenoe  between  the  equivalents  of  bromide  of  silver  and  chlo- 
ride of  silver  is  to  the  equivalent  of  bromide  of  silver  as  the  ascertabed 
decrease  of  weight  is  to  x,  t.«.,  to  the  bromide  of  silver  originally  pra- 
ent  in  the  mixture : — 

44*54:  187-97 ::  0-1 :» 
»=0*422025. 

The  2  grm.  of  the  mixture  therefore  conrained  0*422025  grm.  bromide 
of  silver,  and  consequently  2  — 0*422025=1*577975  gim.  chloride  of 
silver. 

It  results  from  the  above,  that  we  need  simply  multiply  the  ascer- 
tained decrease  of  weight  by 

_:?I^t.(5.,  by  4*22025 
44*54      '    ^ 

to  find  the  amount  of  bromide  of  silver  originally  present  in  the  ana- 
lyzed mixture.  And  if  we  know  this,  we  also  know  of  course  the 
amount  of  the  chlorido  of  silver ;  and  from  these  data  we  deduce  the 
quantities  of  chlorine  .ami  brymine,  as  directed  in  §  196,  and  the  per- 
centages as  directed  in  §  193. 

Supplement  to  I. 

REMARKS   ON   LOSS  AND    EXCESS   IN  ANALYSES^   AND   ON   TAKIKu    IBB 

AVERAGE. 

§  198. 

If,  in  the  analysis  of  a  substance,  one  of  the  constituents  is  estimated 
from  the  loss,  or,  in  other  words,  by  subtracting  from  the  original 
weight  of  the  analyzed  substance  the  ascertained  united  weight  of  the 
other  constituents,  it  is  evident  that  in  the  subsequent  percentage  cal<  u- 
lation  the  sum  total  must  invariably  be  100.     Eveiy  loss  suflemd   ir 
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excess  obtained  in  the  determination  of  tlie  several  constituents  will, 
of  course,  &11  exclusively  upon  the  one  constituent  which  is  estimated 
from  the  loss.  Hence  estimations  of  this  kind  cannot  be  considered 
accurate,  unless  the  other  constituents  have  been  determined  by  good 
methods,  and  with  the  greatest  care.  The  accuracy  of  the  results  will, 
of  coiirse,  be  the  greater,  the  less  the  number  of  constituents  determined 
in  the  direct  way. 

If,  on  the  other  hand,  every  constituent  of  the  analyzed  compound 
lias  been  determined  separately,  it  is  obvious  that,  were  the  results  ab- 
solutely accurate,  the  united  weight  of  the  several  constituents  must  be 
exactly  equal  to  the  original  weight  of  the  analyzed  substance.  Since, 
bowever,  as  we  have  seen  in  8  96,  certain  inaccuracies  attach  to  eveiy 
analysis,  without  exception,  the  sum  total  of  the  results  in  the  percen- 
tage calculation  will  sometimes  exceed,  and  sometimes  fall  short  of, 
100. 

In  all  cases  of  this  description,  the  only  proper  way  is  to  give  the 
results  as  actually  found. 

Thus,  for  instance,  Pelouze  found,  in  his  analysis  of  chromate  of 
chloride  of  potassium, 

Potassium  21-88 

Chlorine  19-41 

Chromic  acid      68-21 


99-50 
Berzelius,  in  his  analysis  of  sesquioxide  of  uranium  and  potassEi 

Potassa  12-8 

Sesquioxide  of  uranium      86*8 


99-6 


Flattner,  in  his  analysis  of  pyrrhotine, 

Of  Fahlon.  Of  Braail. 

Iron         59-72  59-64 

Sulphur  40-22  40-43 


99-94  100-07 

It  is  altogether  inadniiHsible  to  distribute  any  chance  deficiency  or  ex- 
proportionately  among  the  several  constituents  of  the  analyzed  com- 
pound, as  such  deficiency  or  excess  of  course  never  arises  from  the 
several  estimations  in  the  same  measure  ;  moreover,  such  "  doctoring  " 
of  the  analysis  deprives  other  chemists  of  the  power  of  judging  of  its 
accuracy.  No  one  need  be  ashamed  to  confess  having  obtained  some- 
what too  little  or  somewhat  too  much  in  an  analysis,  provided,  of  course, 
the  deficiency  or  excess  be  confined  within  certain  limits,  which  difler 
in  different  analyses,  and  which  the  experienced  chemist  always  knows 
how  to  fix  properly. 

In  cases  where  an  analysis  has  been  made  twice,  or  several  times,  it 
is  usual  to  take  the  mean  as  the  most  correct  result.  It  is  obvious  that 
an  average  of  the  kind  deserves  the  greater  confidcace  the  less  the  re- 
sults of  the  several  analyses  difler.  The  results  of  the  several  analyses 
must,  however,  also  be  given,  or,  at  all  events,  the  maximum  and 
minimiun. 
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Since  the  accuracy  of  an  analysis  is  not  dependent  npon  the  quantity 
of  substance  employed  (provided  always  this  quantity  be  not  altogetha 
too  small),  the  average  of  the  resultu  of  several  analyses  is  to  be  taken 
quite  independently  of  the  quantities  used ;  in  other  words,  yon  mtut 
not  add  together  the  quantities  used,  on  the  one  hand,  and  the  wei^U 
obtained  in  the  sevend  analyses  on  the  other,  and  deduce  from  Uiew 
data  the  percentage  amount ;  but  you  must  €»tlculate  the  latter  from 
the  results  of  each  analysis  separately,  and  then  take  the  mean  of  the 
numbers  so  obtained. 

Suppose  a  substance,  which  we  will  call  AB,  contains  fifty  per  cent. 
of  A ;  and  suppose  two  analyses  of  this  substance  have  given  tlie  follow- 
ing results: 

1)     2  grm.  AB  gave  0-99  grm.  of  A« 
[2)     50 ''  "     24-00  «« 


!i 


From  1,  it  results  that  AB  contains  49*50  per  cent,  of 
u    2,  «  *'         48-00         ** 


Total 97-50 

Mean 48*75 

It  would  be  quite  erroneous  to  say 

2+50=52  of  AB  gave  0-99+24-00=24-99  of  A, 

therefore  100  of  AB  contain  48*06  of  A ; 

for  it  will  be  readily  seen  that  this  way  of  calculating  destroys  neariy 
altogether  the  influence  of  the  more  accurate  analysis  (1)  U]K>n  the  aver- 
age, on  account  of  the  proportionally  small  amount  of  substance  used. 

II.  Deduction  of  Empirical  FoRMULiE. 

§  199. 

If  the  percentage  composition  of  a  substance  is  known,  a  8r»-called  em- 
pirical formula  may  be  deduced  from  this ;  in  other  woixls,  the  relative 
proportion  of  the  several  constituents  may  be  expressed  in  e(iuivalent« — 
in  a  forauila  wliich,  upon  recalculation  in  per-cents  will  give  numbei's 
corresponding  perfectly,  or  nearly,  with  those  obtained  by  the  analysis. 
We  are  compelled  to  confine  ourselves  to  the  expression  of  empirical  for- 
mula;, in  the  case  of  all  substances  of  which  we  cannot  determine  the 
equivalent,  as  c.//.,  woody  fibre,  mixed  substances,  &c. 

The  method  of  deducing  empirical  formulae  is  very  simple,  and  will  be 
readily  understood  from  the  following  reflections  : — 

How  should  we  proceed  to  find  the  relative  number  of  equivalents  in 
carbonic  acid  ? 

We  should  say : — 

The  equivalent  of  the  oxygen  is  to  the  amount  of  oxygen  in  the  equi- 
valent of  carbonic  acid,  as  1  is  to  a;,  i,e.y  to  the  number  of  equivalents  of 
oxygen  contained  in  carbonic  acid ; 

8  :  16::1  :a? 
ar=2. 
In  the  same  manner  we  should  find  the  number  of  equivalents  of  cai^ 
bon  by  the  following  proi)oi*tiou : — 
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6  :  6  ::        1        :        ar 

(equivalent  of  carbon)  (carbon  iu  one  equivalent 

of  carbonic  acid) 

05=1. 

Now  let  US  suppose  we  did  not  know  the  equivalent  of  carbonic  acid, 
but  simply  its  percentage  composition,  viz., 

27-273  carbon 
72-727  oxygen 


100*000  carbonic  acid ; 

the  relative  proportion  of  the  equivalents  might  still  be  ascertained,  even 
though  any  other  given  number,  say  100,  be  selected  for  the  equivalent 
of  carbonic  acid.  Let  us  suppose  we  adopt  100  as  the  equivalent  of  car- 
bonic acid ;  thus, 

8  :  72-727  ::  I  :x 

(Eq.  O)  (Amount  of  oxygen  in  the 

assumed  eq.  100) 
a;=9-0910 
iuid 

6  :  27-273  ::  l:x 

(Eq.  C)  (Amount  of  carbon  in  the 

assumed  eq.  100) 
a;=4-5465. 

We  see  here  that  although  the  numbers  which  express  the  relative 
propoiiion  of  the  equivalente  of  oxygen  and  carbon  have  changed,  yet 
the  relative  proportion  itself  remains  the  same  ;  since 

4-5455:  9-0910::  1  :  2. 

The  process  may  accordingly  be  expi'essed  in  general  terms  as  fol- 
lows: 

Assume  any  number,  say  100  (because  this  is  the  most  convenient), 
as  the  equivalent  of  the  compound,  and  ascertain  how  often  the  equiva- 
lent of  each  constituent  severally  is  contained  in  the  amount  of  the  same 
constituent  present  in  100  parts.  When  you  have  thus  found  the  num- 
bers expressing  the  relative  proportion  of  the  equivalents,  you  have 
attained  your  purpose — viz.,  the  deduction  of  an  empirical  formula. 
Still,  it  is  usual  to  reduce  the  numbers  found  to  the  simplest  expres- 
sion. 

Now  let  us  take  a  somewhat  complicated  case,  e.^ .,  the  deduction  of 
the  empirical  formula  for  mannite. 

The  percentage  composition  of  mannite  is 

39-56  of  carbon 

7-G9  of  hydrogen 
62-75  of  oxygen 


100-00 


This  gives  the  following  proportions : 

6  :  39-56 ::1  :x  05=6-593 

1:    7-69::l>aj  «= 7-690 

8:62-75::l  :x  »=6-593 
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VTc  1ia«      ow  tlie  empirical  formula  for  mannite,  viz^ 
C«,  H=«,  0,« 

A  glftDCO  Hhown  that  the  iiunit>rrT   of  tlie  equivalents  of  tli«  carixm  it 
eqiinl  to  tlist  of  the  equiTnleiite  of  the  oxygen  ;  and  the  qaestioa  is  ur 
whether  the  relative  proportion  found  m&;  not  be  expresBed  hj  oaaUn    > 
Bumbm. 

A  Bimple  calcolation  bi]01c«s  to  answer  this  qneetion,  Tiz, 

6-503:  7G90::60:k 

(Any  othn-  nnniber  might  be  subetitiited  for  60,  ss  the  third  term  of 
the  proportion,  but  GO  'is  very  suitable,  since  it  is  divisible  without  re- 
mainder by  nuHt  of  the  numbers.) 

s:=70 
We  hftT«  iGcordingly  now  the  simple  fonunla, 

C.    H„    0„^C,    H,    O^ 
The  percentage  composition  of  mnnnite  given  above  having  been  cal- 
cnhtted  from  the  formula,  of  courxe  the  Intter  is  evolved  again  «-ithaut 
ambignity.     Ifow  let  ns  take  the  results  of  an  actual  analvxis. 

OpRBBMAinc  obtained,  upon  the  combustion  of  1-593  gmt.  mannile, 
wiUi  oxide  of  ct^per,  2'396  carbonic  acid  and  1-106  water.  TUb  givna 
inper-centa, 

39-31  carbon 

7'71  hydrogen 
82-98  oxygen 

100-00 
which,  calcuUt«d  as  above,  given 


A  gliince  at  these  numbers  shows  that  7-06  may  be  properly  ex- 
changed for  7,  and  also  that  the  diflerence  between  6'552  and  6'G22  is 
so  trifling  that  both  may  be  expressed  by  the  same  number.     These 
considerations  lead  therefore  likewise  to  the  formula 
Cs     H,     O, 

The  proof  whether  the  fovninla  is  correct  or  not  is  obtained  by  its  re- 
calculation in  per-cents.  The  less  the  calculated  percentage  difierafrom 
that  found,  the  more  reason  there  is  to  believe  in  the  correctness  of 
the  formula.  If  the  difterence  is  more  considei-able  than  can  be  account- 
ed for  by  the  defects  inherent  in  the  methods,  there  is  every  reason  to 
believe  the  formula  faliapious,  in  which  case  it  is  necessaiy  to  establish 
\  more  correct  one;  for  it  will  be  readily  seen  that,  in  the  case  of  sub- 
stances of  which  the  equivalent  is  not  known,  diflerent  formuUe  may  be 
deduced  from  one  and  the  same  analysis,  or  from  several  very  nearly 
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oorresponding  analyses ;  since  the  numbers  found  are  never  absolutely 
correct,  but  only  approximate. 

Thus,  for  instance,  in  the  case  of  mannite  : 

Calculated  Found 


for 

for 

c. 

39-56 

c. 

39-67 

39-31 

H, 

7-69 

H, 

7-44 

7-71 

0. 

52-75 

Oe 

52-89 

52-98 

100-00  100-00  100-00 

III.   Deduction  op  Rational  FoRMULiB. 

§  200. 

If  both  the  percentage  composition  and  the  eq\iivalent  of  a  substance 
are  known,  it  is  easy  to  deduce  its  rational  formula — that  is,  a  formula 
expressing  not  only  the  relative  proportion  of  the  equivalents,  but  also 
their  absolute  number. 

The  following  examples  may  serve  for  illustration : — 

1.  Deduction  of  the  Hatumal  Formula  of  Hyposvlphwric  Acid, 

Analysis  has  given,  in  the  first  place,  the  percentage  composition  of 
hyposulphuric  acid,  and,  in  the  second  place,  the  percentage  composi- 
tion of  hyposulphate  of  potassa,  viz.. 

Sulphur 44-44     Potassa 39-551 

Oxygen 55*56     Hyposulphuric  acid       .     60-449 


Hyposulphuric  acid  .     100.00     Hyposulphate  of  potassa  100-000 

(Equivalent  of  potassa=47-l  1) 
Now: 

39-551  :  60-449 : :  47-11  :  x  x=12 


Hence  72  is  the  sum  of  the  equivalents  of  the  constituents  contained 
in  hyposulphuric  acid — ^in  other  terms,  the  equivalent  of  hyposulphuric 
acid. 

Having  thus  ascertained  the  correct  equivalent  of  hyposulphuric  acid, 
it  is  unnecessary  to  assume  a  hypothetical  one,  as  we  are  obliged  to  do 
in  the  case  of  mannite. 

Thus  we  may  state  at  once  : 

100:  44-44::  72:  a;  a;=:32; 

».«.=the  sum  of  the  equivalents  of  the  sulphur ;  and  again: 

100  :  55-56::  72  \x  a;=:40; 

».e.=:the  sum  of  the  equivalents  of  the  oxygen. 

Now  the  equivalent  of  sulphur,  Le,  16,  is  contained  twice  in  32  ;  and 
the  equivalent  of  oxygen,  i.e.  8,  is  contained  live  times  in  40 ;  the  ra- 
tional formula  for  hyposul])hiiric  acid  is  accordingly, 

S,  O,. 

2.  Deduction  of  the  Rationed  Fofmula  of  Denzoic  Acid, 

Stenhouse  obtained  from  0*3807  hydrated  benzoic  acid,  dried  at  100®, 
0*9575  carbonic  acid  and  0-1698  water. 
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0*4287  benxoate  of  Bilver,  dried  at  100^,  gave  0*203  mXm.    Ffoa 
these  numbers  result  the  following  percentage  oompaidtions :— - 

Carbon 68*67    Oxide  of  silver    .     •     •     50-67 

Hydrogen      •     •     .    •       4*95     Benzoic  acid  •     •     •     •     49*33 
Oxygen 26*38 


Benzoate  of  silver   •     •  100*00 


Hydrated  benzoic  acid  100*00 

(Equivalent  of  the  oxide  of  silver=B=115*97) 

50-67  :  49-33 : :  1 15-97  :  x  »=1 12-904 


i.0.  the  equivalent  of  anhydrous  benzoic  acid ;  that  of  the  hydrated  add 
accordingly=l  12*904+ 9=121*904 ;  we  say  therefore  now 

100  :  68*67 : :  121*904  :  x  af=83-711 

100  :    4*95  : :  121*904  :  x  x=  6*035 

100  :  26-38 : :  121*904  :  x  «=:32-158 

6  is  contained  in  83-711         13*95  times 
1  "  6*035  603    « 

8  "  32*158  4*02    " 

A  glance  at  these  quotients  suffices  to  show  that  13*95  may  be  ex« 
dianged  for  14,  6*03  for  6,  and  4*02  for  4.  The  rational  formula  for 
the  hydiute  of  benzoic  acid  is  accordingly^ 

C'«    H^    O4. 

This  gives,  by  calculation,  The  numbers  found  weire, 
C  68*85  68-67 

H    4*92  4*95 

O  26-23  26*38 


100-00  100-00 

3.  Deduction  of  the  RcUional  Formula  of  Theine, 

Stenhouse's  analysis  of  theine,  free  from  water  of  crystallization, 
gave  the  following  results  : — 

1.  0.285  grm.  substance  gave  0-5125  carbonic  acid  and  0*132  wat^r. 

2.  Combustion  with  oxide  of  copper  gave  a  mixture  of  CO,  and  N,  in 
the  proportion  of  4  of  the  former  to  1  of  the  latter. 

3.  0*5828  grm.  of  the  double  salt  of  hydrochlorate  of  theine  and  bi- 
chloride of  platinum,  gave  0*143  platinum. 

From  these  nximbers  results  the  following  percentage  composition : — 

Carbon     .  .  49*05 

Hydrogen  .  5-14 

Nitrogen .  .  28*61 

Oxygen    •  .  17*20 


100-00 

and  196*91  as  the  equivalent  of  theine.  For  there  is  every  reason  to 
suppose  that  the  composition  of  the  double  salt  of  hydrochlorate  of 
theine  and  bichloride  of  platinum  is 

Theine  -h  H  CI  +  Pt  CI, 
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The  e«|mvalent  of  this  double  salt  is  found  by  the  following  propor- 
tion: 

0-143  :  0-5828  : :  98-94  (eq.  platinum) :  x  a;=403-23  ; 

and  consequently  the  equivalent  of  theine,  bj  subtracting  from  403'23 
the  suni  of  1  eq.  bichloride  of  platinum  (1G9*8G)  and  1  eq.  hydi-ochloric 
add  (36-4G) 

403-23-(169-8G  x  3G-4G)=19G-91. 

This  supplies  the  following  proportions  : — 

100  :  49-05 : :  19G-91  :  x  a;=96-584 

100  :    5-14::  190-91  :x  jc=10-121 

100  :  28-Gl : :  19G-91  :  x  a;=5G-33G 

100  :  17-20 : :  19G-91  :  x  a;=33-8G8 

G  is  contained  in  96-584,  lG-09  times 

1             "              10-121,  10-12  *' 

14             "              5G-336,  4-02  " 

8            "              33-868,  4-23  " 

for  which  nximbers  may  be  substituted,  IG,  10,  4,  and  4,  respectively, 
and  we  get  the  following  formula : 

C,6  H,o  N4  O4 

Found 
49-05 


This 

gives 

\  by  calculation, 

C 

49-47 

H 

5-15 

N 

28-89 

0 

lG-49 

5-14 
28-61 
17-20 


100-00  10000 

The  double  hydrochlorate  of  theine  and  bichloride  of  platinum  gives 
I  latinum  in  100  pai-ts, 

Calculated  Found. 

24-70  24-53 

4.  Special  Met1u>d  of  Deducing  Rational  FormuUnfor  Oxyyen  Salts. 

a.  In  the  case  of  Compounds  containing  no  Isomorphous  Constituents, 

The  rational  formulae  for  oxygen  salts  may  be  deduced  also  by  a  me- 
thod diffei-ent  from  the  foregoing,  viz.,  by  ascertaining  the  ratio  which 
the  resiMiCtive  quantities  of  oxygen  bear  to  each  other.  This  method  is 
Bxceeilingly  simple. 

In  an  analysis  of  crystallized  sulphate  of  soda  and  ammonia,  I  found. 

Soda    ....  17-93 

Oxide  of  ammonium     .  15-23 

Sul])huric  acid      .         •  46*00 

Water  .         .  20-84 


100-00 


Si  of  T?aO  contain    8  of  O,  consequently  17-93  of  NaO  contam  4-63  of  O, 

2(l..\H.O  ..        8..0,                          15  2:^..NH,0    ..      468 ..  O. 

40..  SO,  ..       24..  O,             ..           4000..  SO,       ..     27  60 ..  O. 

9.. HO  ..        8..0,             ..          2084..  HO       ..     18*52.. O. 
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4-G3  :  4-GS  :  27'GO  :  ]8'53  =  1:1-01:  5-97  :  4-00  ^1:1:6:4, 
ftud  this  leads  to  the  formula 

Na  0,  N  H,  O,  2  S  0,x4  H  O 

or,  Na  O,  8  0,+N  H,  O,  S  0,+4  luj. 

h,  Tn  t!ie  cage  nf  CoTiipoun'J/i  contamlng  laomorphova  CoTtMlilvmlt. 

It  is  a  well'knowQ  fact  that  isomorphoua  conHtitnents  may  repkce 

each  other   in  all   proportions;   therefore,  in  eKtablishing  a  foi-ainU  fur 

compounds  containing  isoinorjthous  constituents,  the  latter  are  tukcn 

coUectio'dy  /  that  is,  they  ai«  expressed  in  the  foimula  tm  o 

taint  body.     This  vary  frequently  occurs 

for  minerals. 

A.  Erdmans  found  in 


3  calculation  of  fonnuls 


Amount  of  O^-gtu 

Silicic  aeid 

5C-17 

29-957 

Msgnesia 
Protoidde  of  iro 

31 -(13 
n        8-f>6 

12.053  ) 

1-940  f 

14.601 

Water 

4-(t4 

3-590 

3-59  :  14-fiOl  :  29-057=1  :  4-07  :  8-3=1  :  4  r  8. 

e  obtain  from  these  numbers  tlie  fo^ 

4(R0,  SiO)  +  >IOor4(^'^Slo,  SiO,  j  +^. 

Kot  only  isoniorpltons  substances,  but  generally  all  bodies  of  an*lo- 
gouB  composition  posscKs  the  faculty  of  i-eplacing  each  other  in  com- 
pounds;  thus  we  find  that  KO,  Na  O,  Ca  O,  Mg  O,  &c.,  replace  ejch 
other.  These  substances  likewise  must  be  expressed  collectively  in  ihe 
formula. 


Abich  found  in  andesine 

Amonnt  of  Ox7e«l 

Silicic  acid 

59-60 

31-79 

Alumina 

24-28         . 

11 -221 

11-70 

Sesquioxide  of 

ron     1-58 

0-48  f 

Lime 

6-77 

161 

Magnesia 

108 

0-43 

3-90 

Soda 

6-53         . 

1-68    ■ 

Potaasa 

1-08         . 
99-92 

0-18 

Sow 

3-90 

:  11-70:31-79=1 

3  :  8-15=1 

:3:8. 

Designating   1 

eq.  meta!  by  R,  we 

obtain  from  these  numbere  tiie 

R  0+R,  0,  +  4  8iO- 
=R  0,  Si  0,+K,  0„  3  Si  O,, 
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which  may  likewise  be  written : — 

Ca 


^nO,SiO,  +^^^[03,3Si0,. 


K 

Showing  thus  that  this  mineral  is  leucite  (K  O,  Si  O,  4-  Al,  O3, 3  Si  O, ), 
in  which  the  greater  part  of  the  potassa  is  )*eplaced  by  lime,  soda,  and 
magnesia,  and  a  portion  of  the  alumina  by  sesquioxide  of  iron. 

These  remarks  respecting  the  deduction  of  formulas  for  oxygen  salts, 
apply  of  course  equally  to  metallic  sulphides. 

rv.  Calculation  of  the  Density  of  the  Vapors  of  Volatile 
Bodies,  and  Application  of  the  Results,  as  a  Means  of  con- 
trolling THEIR  Analyses,  and  determining  their  Equiva- 
lents. 

§  201. 

The  specific  gravity  of  a  compound  gas  is  equal  to  the  simi  of  the 
specific  gravities  of  its  constituents  in  one  volume. 

JS,g,^  2  volumes  of  hydi'ogen  gas  and  1  volume  of  oxygen  gas  give  2 
volumes  of  aqueous  vapor.  If  they  gave  simply  1  volume  of  aqueo\is 
vapor,  the  specific  gravity  of  the  latter  would  be  equal  to  the  sum  total 
of  the  specific  gravity  of  the  oxygen  and  double  the  specific  gravity  of 
the  hydrogen — viz., 

2x0-0693=01386 
>f  M083 

=1-2469 

But  as  they  give  2  volumes  of  aq\ieous  vapor,  this  1  -2409  is  distri- 
buted between  the  two  volimies ;  accordingly  the  specific  gravity  of  the 
vapor  is 

1-2469      ^^^,,, 
— ^ =0-62345 

It  will  be  readily  seen  that  the  knowledge  of  the  density  of  the  vapor 
of  a  compound  supplies  an  excellent  means  of  controlling  the  correctness 
of  the  relative  proportions  of  the  equivalents  assumed  in  a  formula. 

For  instance :  from  the  results  of  the  ultimate  analysis  of  camphor, 
has  been  deduced  the  empirical  formula : 

Dumas  found  the  density  of  the  vapor  of  camphor =6  3 12.  No^*,  by 
what  means  do  we  find  whether  this  formula  is  correct  with  respect  t  >  the 
relative  proportions  of  the  equivalents  ? 

Specific  gravity  of  the  vapor  of  carbon  0*831 

"  **  hydrogen  gas  00693 

"  "  oxygen  gas  1*108 

10  eq.  C=10  volumes=10x  0-831  =8-310 
8  eq.  H  =  16  volumes=:16x00693=  1*109 
1  eq.  0=   1  volume  =   1x11081  =  1-108 

10-527 
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HiU  sum  is  almost  exactly  twice  as  large  as  the  specific  gravity  foimd 
by  direct  experiment  ('"|" — 5*263) ;  which  Hhows  that  the  relative  pro- 
portions of  the  equivalents  are  correctly  given  in  the  empirical  formub 
of  camphor.  But  whether  the  formula  is  correct,  also,  with  r^rd  tc 
the  absolute  number  of  equivalents,  cannot  be  determined  simply  from 
the  density  of  the  vapor,  because  we  do  not  know  to  how  many  volumei 
of  camphor  vapor  1  equivalent  of  camphor  corresponds.  Liebig  assumei 
the  equivalent  of  camphor  to  correspond  to  2  volumes,  and  gives  accord- 
ingly the  formula  Cio  H«  O ;  wliilst  Duxas  assumes  it  to  correspond  to 
4  volumes,  and  accordingly  gives  the  formula  €»  Hte  O,. 

llie  knowledge  of  the  density  of  the  vapor  afibrds,  therefore,  in  reilitj, 
simply  a  means  of  controlling  the  correctness  of  the  analysis,  but  not  of 
establishing  a  rational  formula ;  and  although  it  is  made  to  serve  some- 
times for  the  latter  purjjose,  yet  this  can  be  done  only  in  the  case  of  snb- 
stances  for  which  we  are  able  to  infer  from  analogy  a  certain  ratio  of 
condensation :  thus,  for  instance,  experience  proves  that  1  equivalent  of 
the  hydrates  of  the  volatile  organic  acids,  of  alcohols,  &c,  corresponds 
to  4  volumes. 

In  §  200,  2,  we  have  found  the  rational  formula  of  hydrated  benzoic 
acid  to  be  C,4  B^  O4.  Dumas  and  Mitscheruch  found  the  vapor  den- 
sity to  be  4-26. 

Now  nearly  the  same  number  is  obtained  by  dividing  by  4  fhe  ram 
total  of  the  gravities  of  the  several  constituents  contained  in  1  equiva- 
lent of  hydrated  benzoic  add,  viz., 

14  volumes  0=11-634 

12  volumes  H=  0-831 

4  volumes  0=  4'432 


16-897 


=  4-224 


4 

Hermann  Kopp*  has  called  attention  to  the  fact  that,  if  the  equivalent 
of  a  substance  refers  to  H  =  1 ,  and  the  vapor  density  of  the  same  to  at- 
niosj)heiic  air  =  1,  the  division  of  the  equivalent  by  the  vapor  density 
gives  the  following  quotients, 

28-88         14-44         7-22 

according  as  the  formula  corresponds  to  4,  2,  or  1  volume  of  vapor : 

28-88  corresponds  to  a  condensation  to  4  volumes 
14-44         "  "  «  2       " 

7-22         "  "  "  1  volume 

Kopp  calls  these  numbers  nomud  quotients.  If  the  vapor  density  u 
not  quite  exact,  but  only  approximate  (determined  by  exjMJiiment), 
other  mimbers  are  found,  but,  to  be  correct,  these  must  come  near  the 
normal  numbers. 

If,  therefoi*e,  we  know  the  equivalent  of  a  body,  we  may,  with  the 
greatest  facility,  ascertain  whether  the  determination  of  the  vapor 
density  of  the  body  has  given  approximately  correct  results  or  not. 

Gay-Lussac  found  the  vapor  density  of  alcohol  to  be  1*0133  ; 
Dalton,  2-l.t 

*  Compt.  rend.  44,  1.'347 ;  Chem.  Ccntmlbl.  1857,  605. 
\  Gmelin's  Handbook,  viii.,  190. 
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Now,  which  is  the  correct  number  ? 

The  equivalent  of  alcohol,  C4  H^  O9,  is  46. 

i^  =  21-9 
2-1 

_iL  =  28-5 
1-6133 

It  is  evident  that  Gay-Lu6sac's  numb^  is  approximately  correct, 
for  the  quotient  found  by  it  comes  very  near  the  normal  quotient, 
28-88. 

Again,  if  we  know  the  equivalent  of  a  body,  and  the  number  of 
?olumes  of  vapor  corresponding  to  1  equivalent,  we  may  also,  with  the 
same  facility,  calculate  the  theoretical  vapor  density  of  the  body.  For 
instance,  the  equivalent  of  hydi-ated  benzoic  acid  is  122.  The  division 
of  this  number  by  28*88  gives  4*224  as  vapor  density,  which  is  the 
same  as  that  found  by  actual  experiment. 

And,    lastly,  if  we   know  approximately   {i,e.  by  experiment)  the 
vapor  density  of  a  body,  and  also  the  ratio  of  condensation,  we  may 
with  the  aid  of  these  quotients,  approximately  calculate  the  equivalent 
of  the  body. 

JS.g,  The  vapor  density  of  acetic  ether  has  been  found  =  3*112. 
The  multiplication  of  this  number  by  28*88  gives  89*87  as  the 
equivalent  of  acetic  ether,  which  comes  near  the  actual  equivalent, 
88. 

Having  thus  shown  how  the  knowledge  of  the  vapor  density  of  a 
body  is  turned  to  account  as  a  means  of  controlling  the  results  of  an 
ultimate  analysis  of  the  same,  we  will  now  proceed  to  show  how  tlie 
vapor  density  is  calculated  from  the  data  obtained  as  described  in  §  191, 
A  and  B. 

A.  We  will  take  as  an  illustration  Dumas^  estimation  of  the  specific 
gravity  of  the  vaj)or  of  camphor. 

The  results  of  the  process  were  as  follows : — 

Temperature  of  the  air        •        •        •        .        •        •        •     13*5^ 

Barometer 742  mnu 

Temperature  of  the  bath  at  the  moment  of  sealing  the  globe     244° 

Increase  of  the  weight  of  the  globe 0*708  gnu. 

Volume  of  mercury  entei*ing  the  globe         ....     295  c.c. 
Residual  air 0 

Now,  to  find  the  vapor  density,  we  have  to  determine, 

1.  The  weight  of  the  air  which  the  globe  holds  (as  a  necessary  step  to 
the  determination  of  2). 

2.  The  weight  of  the  camphor  vapor  which  the  globe  holds. 

3.  The  volume  to  which  the  camphor  vapor  corresponds,  at  0°  and 
760  mm. 

The  solution  of  those  questions  is  quite  simple ;  and  if  the  calcula- 
tion, notwithstanding,  appears  somewhat  complicated,  this  is  mer(*ly 
owing  to  certain  reductions  and  corrections  which  are  required. 

1.   The  weight  of  the  air  in  the  globe. 

The  globe  holds  295  c.  c,  as  we  see  by  the  volume  of  mercur  -  le- 
quired  to  fill  it. 
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J     Bt,  -uit  is  the  volume  of  205  c.  c.  of  air  at  13-5°  and  742  bub. 
Kt  ii-  and  700  mm.  7 

The  <iueNtion   ie    solved   according   to  tho  directions  of   §    195,  u 
follows: — 

760;  742::  295  :  x 

a;=288  o.  o.  (At  IS-S"  and  760  nun.) 

and  Again; 

288  _     288     ^„-^^_^_^^^Qo^^^gg_^_^ 


1+  (13-5  X0-003GG)      l-04ii41 

Now  1  c.  c  of  air  at  0°  and  TCO  mm.  weighs  0-0012936C  grm. ;  271 
c.  c.  weigh  accordingly 

0-00129306  j<274=0'35446gm. 
2.    The  irrifjht  of  (he   r<ipor. 

At  the  beginning  of  the  eKperinient  we  tared  the  glo6e+tLe  air 
within  it}  wc  afterWHi-ds  weighed  the  globe  +  the  vapoi'  (but  without 
tho  air); — to  find,  thei-efore,  the  actual  weight  of  the  vapor,  it  is  not 
Hufficient  to  subtract  the  ture  from  the  weiglit  of  the  globe  filled  with 
vapor,  BJnce  {gl-aaa-^ vapor) — (^^(ms+hiV)  is  not=i'CTpoi-/  but  we  havo 
either  to  subtract,  in  the  first  place,  the  weight  of  tlie  air  from  the  tare, 
or  to  add  the  weight  of  the  aii*  to  the  increase  of  the  weight  of  the 
globe.     Let  us  do  the  Iatt«r: — 

Weight  of  air  in  the  globe     ,     =0-35446  grm. 
Increase  of  weight  of  globe   .     =0'70800  grm. 

The  weight  of  the  Tapor  is  accordingljr      =  1-06246  grm. 

3.  Tlte  Volumt  to  which  lliU  Weiffkt  of  1-06246  grm.  of  Vapor  cor. 
retpondt  at  0°  and  760  mm. 

We  know  from  the  above-given  data  that  this  weight  cotrespondfl  to 
295  c.  c.  at  244°,  and  742  mm.  Before  we  can  proceed  to  reduce  this 
volume  according  to  the  directions  of  §  195,  the  following  oorrectiona 
are  necessary : — 

a.  244°  of  the  mercurial  thermometer  correspond,  according  to  the 
experiments  of  Maohus,  to  239°  of  the  air  thermometer  (see  Tablo 
VI.). 

A.  According  to  Dulono  and  Petit,  glass  expands  (commencing  at 
0°)  YtivT!  "f  '*'  volume  for  each  degree  C.  The  volume  of  the  globe  at 
the  moment  of  sealing  was  accordingly — 

295+HL^^??=297cc 


It  we  now  proceed  to  reduce  this  volume  to  0°  and  760  mm.  we  find 
by  the  propottion, 

760;  742:;297:tc 
X  (t.«.,  c.  c  of  vapot  at  760  mm.  and  239°)=290; 
and  by  tho  equation. 
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290 ^^ 

1-f  (239x0-00300)' 

X  {{.e,  c.  c.  of  vapor  at  760  mm.  and  0°)  =  154*6. 
154*6  c.  c.  of  camphor  vapor  at  0°  and  760  nmi.,  weigh  accoixlingly 
1-06246  grra. 

1  litre  (1000  c.  c.)  weighs  consequently  6*87231  grm. ;  since 

154-6  :  1-06246::  1000  :  6-87231. 

Now  1  litre  of  air  at  0°  and  760  mm.  weighs  1*29366  gi-m. 

The  specific  gravity  of  the  camphor  vapor  consequently  =  5-312  ;  since 

1*29366:  6-87231  ::1  :  5*312. 

B.  We  will  here  take  an  imaginary  determination  of  the  vapor  density 
of  ether  as  our  example. 

Bulb  +  ether  =0*3445  grm. 

"  empty  =0*2040  gi-m. 

Weight  of  ether  =0*1405  gi-m. 

Temperature  of  the  glycerine  solution  in  the  outer  cylinder     100® 

Sp.  gr.  of  the  same  solution  at  100° 1 

Barometer 752  mm. 

Difference  between  the  height  of  the  mercury  in  the  outer  ) 

and  inner  cylinders J     50  mm. 

Height  of  the  column  of  mercury  in  the  outer  cylinder . .        60  mm. 

Inside  height  of  the  outer  cylinder 400  mm. 

Volume  of  the  vapor  as  found  from  the  tube's  table ....        60  c.  c. 

The  glycerin**  solution  being  400—60=  340  mm.  high  and  having 
a  specific  gravity  of  1,  con*esponds  to  a  column  of  mercury  of  25  mm. 
The  vapor  consequently  is  under  the  pressure  of  752 -{-25  —  50=727  mm. 
60  c.  c.  of  ether  vapor  at  100°  and  727  mm.  consequently  weigh  0*1405. 
We  have  now  to  calculate  the  weight  of  60  c.  c.  of  air  under  the  same 
circumstances. 

1000  c.  c.  air  of  0°  and  760  mm.  weigh  1-29366  grm.  Heated  to  100® 
they  become  1366*5  c.  c.  (comp.  §  195,  a),  and  with  the  pressure  reduced 
to  727  mm.  these  expand  again  to  14-28-5  c.  c.  (comp.  §  195,  3).  But 
the  air  still  weighs  the  same,  viz.,  1-29366  grm.  .*.  1428-5  c.  c.  weighing 
1*29366,  60  c.  c.  weigh,  under  the  same  circumstances,  0-05433  grm. ; 

hence  the  sp.  gr,  of  other  vapor—  =2*586 

^  '^  ^         005433 


\ 
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1.  ANALYSIS  OF  FRESH  WATER  (SPRING-WATER, 

RIVER-WATER,  &a)* 

§202. 

The  aaalyms  of  the  several  kinds  of  fresh  water  is  usually  restricted  tc 
the  quantitative  estimation  of  the  following  substances : — 

a.  JScues:  Soda,  lime,  magnesia. 

6.  Acids  :  Sulphuric  acid,  nitric  acid,  silicic  acid,  carbonic  acid,  chlorine. 

c.  MecJianicaUy  suspended  Matters :  Clay,  &c 

We  confine  ourselves,  therefore,  here  to  the  estimation  of  these  bodies. 

I.  2%e  Water  is  dea/r, 

1.  Determination  of  the  Chlorine.  — This  may  be  effected,  either,  a,  in 
the  gravimetric,  or,  6,  in  the  volumetric  way. 

a,  Gravimetrically. 

Take  500 — 1000  grm.  or  c.  c.f  Acidify  with  nitric  acid,  and  precipi- 
tate with  nitrate  of  silver.  Filter  when  the  precipitate  has  completely 
subsided  (§  141,  I.,  a).  If  the  quantity  of  the  chlorine  is  so  inconsider- 
able that  the  solution  of  nitrate  of  silver  produces  only  a  slight  turbidity, 
evaporate  a  larger  portion  of  the  water  to  ^,  ^,  ^,  <Sm;.,  of  its  bulk,  filter, 
wash  the  precipitate,  and  treat  the  filtrate  as  directed. 
6.  Volumetrically. 

Evaporate  1000  grm.  or  c.  c.  to  a  small  bulk,  and  determine  the 
chlorine  in  the  residual  fluid,  without  previous  filtration,  by  solution  of 
nitrate  of  silver,  with  addition  of  chromate  of  potassa  (§  141,  I.,  6,  a). 

2.  Determination  of  the  Sulphuric  Acid. — Take  1000  grm.  or  c.  c. 
Acidify  with  hydrochloric  acid  and  mix  with  chloride  of  barium.  Filter 
after  the  precipitate  has  completely  subsided  (§  132,  I.,  1).  If  the  quan- 
tity of  the  sulphuric  acid  is  very  inconsiderable,  evaporate  the  acidified 
water  to  |-,  ^,  ^,  &c.,  of  the  bulk,  before  adding  the  chloride  of  barium. 

3.  Determination  of  Citric  Acia/h — If,  on  testing  the  residue  on  eva- 
poration of  a  water  for  nitric  acid,  such  a  strong  reaction  is  obtained 
that  the  presence  of  a  determinable  quantity  of  the  acid  may  be  inferred, 
evaporate  1000  or  2000  c.  c.  of  the  water  in  a  porcelain  dish,  wash  the 
residue  into  a  flask  (if  any  carbonate  of  lime,  &c,y  remains  sticking  to 
the  dish,  it  may  be  disregarded,  as  all  nitrates  are  soluble),  evaporate  in 
the  flask  still  further,  if  necessary,  and  in  th«  small  quantity  of  residual 
fluid  determine  the  nitric  acid  according  to  §  149,  dy  a,  or  0.  The  for- 
mer method  is  less  suitable  if  the  residue  on  evaporation  contains 
organic  matter.     If  the  latter  method  is  employed,  the  evaporated  water 

*  Compare  Qualitative  Analysis,  p.  262,  et  seq.  See  a  paper  recently  read 
before  the  Chemical  Society  by  Dr.  Miller— the  Society^s  Journal  (2),  ill.,  117, 
et  seq. ;  also,  Frankland,  idem  (2),  iv.,  239,  and  vi.,  77;  and  Wanklyn,  Chap* 
loan,  and  Smith,  idem  vi.,  152. 

f  As  the  specific  gpravity  of  fresh  water  differs  but  little  from  that  of  pore  water, 
the  several  quantities  of  water  may  safely  be  measured  instead  of  weighed.  Tht 
oalcolation  is  facilitated  by  taking  a  round  number  of  a  a 
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must  first  bo  heated  with  potaah  Boluticm  till  no  more  alkaline  Tapon 
escape. 

4.  IhterminaHon  of  the  SUicie  Aeid^  lAme^  cmdMagnma, 

Evaporate  1000  grm.  or  c.  c.  to  drriieBa — ^after  addition  of  some  hydro- 
chloric acid — pre^rably  in  a  platinum  dish,  treat  the  zendite  irith 
hydrochloric  acid  and  water,  filter  off  the  separated  ailicio  acid,  and  tmft 
the  latter  as  directed  §  140  II.,  a.  Estimate  the  lime  and  magnwda  in 
the  filtrate  as  directed  §  154,  6,  a  (28). 

5.  DetermifuUUm  of  the  total  Heaidue  and  of  the  Soda, 

a.  Evaporate  1000  grm.  or  c.  c  of  the  water,  with  proper  cave^  to 
dryness  in  a  weighed  platinum  dish,  first  over  a  lamp,  finally  on  tibs- 
water-bath.  Expose  the  residue,  in  the  aij>bath,  to  a  tempentme  id 
about  180^,  until  no  further  diminution  of  wei^t  lakes  plaoe,  Ihii 
gives  the  U^  anwunt  of  the  ealte, 

b.  Treat  the  residue  with  water,  and  add,  cautiously,  pure  dilute  ml- 
phuric  acid  in  moderate 'excess;  cover  the  vessel  during  this  op^stion 
with  a  (Usli,  to  avoid  loss  from  spirting;  then  place  on  the  water^Nitli, 
without  removing  the  cover.    After  ten  minutes,  rinse  the  cover  by  meiiii 
of  a  washing  bottle,  evaporate  the  contents  of  the  dish  to  diyiie8i,eiiMl 
the  free  sulphuric  acid,  ignite  the  residue,  in  the  last  stage  with  adifitioa 
of  some  carbonate  of  ammonia  (§  97,  1),  and  weis^.    The  residue  ood- 
sists  of  sulphate  of  soda,  sulphate  of  lime,  sulphate  of  magnesiii  ani 
gome  separated  silicic  acid.   It  must  not  redden  moist  litmus  papW'  Tin 
quantity  of  the  sulphate  of  soda  in  the  residue  in  now  found  by  snhCn^ 
iiig  from  the  weight  of  the  latter  the  known  weight  of  the  silicic  add  vd 
the  weight  of  the  sulphate  of  lime  and  sulphate  of  magnesia  ealcnlited 
from  the  quantities  of  these  earths  found  in  4. 

6.  Direct  J^stimatuyn  of  the  Soda. 

The  soda  may  also  be  delermiued  in  the  direct  way,  with  oompantiva 
expedition,  by  tlie  following  method : — 

Evaporate  1250  grm.  or  c.  c.  of  the  water,  in  a  dish,  to  about  J,  and 
then  add  2 — 3  c.  c.  of  thin  pure  milk  of  lime,  so  as  to  impart  a  strouglf 
alkaline  reaction  to  the  fluid ;  heat  for  some  time  longer,  then  wash  tbe 
contents  of  the  dish  into  a  quarter-litre  flask.  (It  is  not  necessaiy  to  rinse 
every  particle  of  the  precipitate  into  the  flask ;  but  the  whole  of  the  fl"id 
must  be  transferred  to  it,  and  the  particles  of  the  precipitate  adhering 
to  the  dish  well  washed,  and  the  washings  also  added  to  the  flask.)  Aliov 
the  contents  to  cool,  dilute  to  the  mai'k,  shake,  allow  to  deposit,  filter 
through  a  dry  filter,  measure  ofi"  200  c.  c.  of  the  filtrate,  correspouding 
to  1000  grm.  of  the  water,  transfer  to  a  quarter-litre  flask,  mix  with  car- 
bonate of  ammonia  and  some  oxalate  of  ammonia,  add  water  up  to  the 
mark,  shake,  allow  to  deposit,  filter  through  a  dry  filter,  measure  off  200 
c.  c,  corresponding  to  800  grm.  of  the  water,  add  some  chloride  of  am- 
monium,* evaporate,  ignite,  and  weigh  the  residual  chloride  of  sodium 
as  directed  §  98,  2A 

*  To  conyert  the  still  remaimng  sulphate  of  soda,  o:a  ignition,  into  dUoiridA  of 
godium. 

+  This  process,  which  entirely  dispenses  with  washing,  presents  one  aonioe  w 
error — viz. ,  the  space  occupied  by  the  precipitates  is  not  taken  into  aooonnt.  The 
error  resulting  from  this  is,  however,  bo  trifling,  that  it  may  safely  bedisregaidedt 
as  the  excess  of  weight  amounts  to  5  in  at  the  most. 
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7.  Calculate  the  numbers  found  in  1 — 6  to  1000  parts  of  water,  and 
determine  from  the  data  obtained  the  amount  of  carbonic  acid  in  com 
bination,  as  follows : — 

Add  together  the  quantities  of  sulphuric  acid  corresponding  to  the 
bases  found,  and  subtract  from  the  sum,  first,  the  amount  of  aulphuric 
acid  precipitated  from  the  water  by  chloride  of  barium  (2),  secondly, 
the  amount  corresponding  to  the  nitric  acid  found,  and  thii'dly,  the 
amount  coiTesponding  to  the  chlorine  found  (for  1  eq.  CI,  1  eq.  SO3) ; 
the  remainder  is  equivalent  to  the  carbonic  acid  combined  with  the 
bases  in  the  form  of  neutral  carbonates.  40  parts  of  sylphuric  acid  re- 
maining after  subtracting  the  quantities  just  stated,  correspond  accord- 
ingly to  22  parts  of  carbonic  acid. 

If,  by  way  of  control,  you  wish  to  determine  the  combined  carbonic 
acid  in  the  direct  way,  evaporate  1000  grui.  or  c.  c.  of  the  water,  in  a 
flask,  to  a  small  bulk ;  add  tincture  of  cochineal,  then  standard  nitric 
acid,  and  proceed  as  directed  p. 

8.  Control, 

If  the  quantities  of  the  soda,  lime,  magnesia,  sulphuric  acid,  nitric 
acid,  silicic  acid,  carbonic  acid,  and  chlorine  are  added  together,  and  an 
amount  of  oxygen  corresponding  to  the  chlorine  (since  this  latter  is 
combined  with  metal  and  not  with  oxide)  is  subtracted  from  the  sum, 
the  remainder  must  nearly  correspond  to  the  total  amount  of  the  salts 
found  in  6,  a.  Perfect  correspondence  cannot  be  expected,  since,  1, 
upon  the  evaporation  of  the  water  chloride  of  magnesium  is  partially 
decomposed,  and  converted  into  a  basic  salt;  2,  the  silicic  acid  expels 
some  carbonic  acid ;  and  3,  it  being  difficult  to  free  carbonate  of  mag- 
nesia from  water  without  incurring  loss  of  carbonic  acid,  the  residue 
remaining  upon  the  evaporation  of  the  water  contains  the  carbonate  of 
magnesia  as  a  basic  salt,  whereas,  in  our  calculation,  we  have  assumed 
the  quantity  of  carbonic  acid  corresponding  to  the  neutral  salt, 

9.  JDetermination  of  the  free  Carbonic  Acid, 

In  the  case  of  well-water  this  mav  be  conveniently  executed  bv  the 
process  described  §  139,  |3  (p.  28(5).  We  here  obtain  the  carbonic  acid 
which  is  contained  in  the  water  over  and  above  the  quantity  corre- 
sponding to  the  monocarbonates,  or  in  other  words,  the  carbonic  acid 
which  is  free  and  which  is  combined  with  the  caibonates  to  bicar- 
bonates. 

10.  Determination  of  the  Organic  Matter. 

Many  well-waters  contain  so  much  organic  matter  as  to  be  quite 
yellow,  othei*s  contain  traces,  and  many  again  may  be  said  to  be  free 
from  such  substances.  The  exact  estimation  of  organic  matter  is  by  no 
means  an  easy  task,  and  the  method  usually  adopted — viz.,  ignition  of 
the  residue  of  the  water  dried  at  180°,  treatment  with  carbonate  of 
ammonia,  gentle  ignition  again,  and  calculation  of  the  organic  matter 
from  the  loss  of  weight — yields  merely  an  approximate  result,  since  we 
can  never  be  sure  as  to  the  condition  of  the  carbonate  of  magnesia  in 
the  residue  dried  at  180°  and  in  the  same  after  ignition,  and  since  the 
silicic  acid  expels  some  carbonic  acid,  which  is  not  taken  up  again  on 
treatment  ^vith  carbonate  of  ammonia,  <fec.  However,  it  is  generally  a 
matter  of  importance,  in  regard  to  the  application  of  a  water,  to  know 
the  quantity  of  organic  matter  present,  hence  we  have  liitely  had  10 
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ooune  to  the  perm>ngmata  of  pottany  and  mm^A  te  ditar-aiM  Iki 
organic  matter  at  least  comparatiYely  from  the  qnaulity  of  tlia  *"*^Hlig 
agent  reduced  by  a  definite  amount  of  water.  FoMmOAluuu*  heate  « 
certain  quantity  of  the  water  to  boilii^y  mna  in  a  dilute  adntian  of 
permanganate  from  a  burette,  till  a  fidnt  but  penDanent  lednaai  oeeai% 
he  then  allowa  to  cool,  and  to  a  like  quantity  of  pure  ^'^-^"V  vatar 
adds  permanganate  from  the  same  burette  till  a  similar  edhwtioa  ii 
Ibrmod ;  lastly,  he  finds  from  the  difierenoe  the  quantity  of  iiiiiBiii|i 
nate  reduced  l^  the  substances  contained  in  the  water.  Bk.  Momitf 
uses  a  solution  of  1  gnn.  permanganate  of  potaasa  in  1  litre  of  dbtOU 
water,  purified  by  rectification  over  some  permangsnate  d  potaBaa>  Bi 
warms  500  c.  c.  of  the  water  to  70^,  adds  1  a  o.  pure  aulphuriD  and, 
and  then  the  standard  solution  of  permanganate  to  incipient  eoknatua, 
and  finally,  deducting  from  the  quantity  employed  the  quantity  aeeei- 
aaiy  to  impart  the  same  coloration  to  500  o.  o.  of  piuified  dirtilM 
water,  acidulated  and  heated  as  above,  he  obtaina  the  quantity  of  po^ 
manganate  which  has  been  reduced  by  the  aubstanoea  preaent  in  tbi 
water  tested. 

Comparative  esperimenta  of  this  kind  are  often  of  vahio ;  bat  fiMj 
do  not  provide  us  with  a  numerical  expression  lor  the  amoout  rf  ^ 
igude  suiwtances  present,  since  waters  oontain  aometimea  other  bodi& 
especially  nitrites,  sulphuretted  hydrogen,  and  aalta  of  pKotoaddo  m 
iron,  which  have  the  property  of  reducing  permanganate  of  potaw^ 
and  since  aoain  organic  substances  decompose  variooa  quantitifls  of  tUi 
aalt,  aooordmg  to  uieir  nature. 

n.  7%€  u^ifT  i»  not  dear. 

Fill  a  large  flask  of  known  capacity  with  the  water,  efoae  nith  a  f^ 
stopper,  and  allow  the  flask  to  stand  in  the  cold  until  the  siup^ded 
matter  is  deposited ;  draw  oif  the  clear  water  with  a  siphon  aa  &r  ai 
practicable,  filter  the  bottoms,  dry  or  ignite  the  contents  of  the  filtv» 
and  weigh.     Treat  the  clear  water  as  directed  in  L 


Bespecting  the  calculation  of  the  analysis,  I  remark  simply  that  the 
results  are  usuaUyl  arranged  virion  the  following  principles : — 

The  chlorine  is  combined  with  sodium ;  if  there  is  an  exoeai^  tliii  n 
combined  with  calcium.  If,  on  the  other  hand,  there  remains  an  f^' 
cess  of  soda,  this  is  combined  with  sulphuric  acid.  The  nUphwic  a^i 
or  the  remainder  of  the  sulphuric  acid,  as  the  case  may  be,  is  combined 
with  lime.  The  nitric  add  is,  as  a  rule,  to  be  combined  with  lin)e< 
The  sUicic  cund  is  put  down  in  the  free  state,  the  remainder  of  the  Uf^ 
and  the  magnesia  as  carbonates,  either  neutral  or  acid,  according  ^ 
circumstances. 

It  must  always  be  borne  in  mind  that  the  results  of  the  qualitatl^ 
analysis  may  render  another  arrangement  of  the  adds  and  bates  neoet* 
sary.  For  instance,  if  the  evaporated  water  reacts  strongly  alkslioAi 
carbonate  of  soda  is  present,  generally  in  company  with  sulphate  of 
soda  and  chloride  of  sodium,  occasionally  also  with  nitrate  of  iod^ 

•  Institat  1849,  888 ;  Jahresber.  von  v.  Liebig  u.  Kopp.  1849,  909. 
f  Compt.  rend.  50.  1084 ;  IMngler's  polyt.  Joum.  157,  182, 
A  certain  latitude  la  here  allowed  to  tiie  analyst^s  discretion. 
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The  lime  and  magnesia  are  then  to  be  entirely  combined  with  carbonic 
add. 

In  the  report,  the  quantities  are  represented  in  parts  per  1000  (oi 
l(H)OyOOO),  and  aJso  in  grains  per  gallon. 


For  technical  purposes,  it  is  sometimes  sufficient  to  estimate  the 
kardneu  of  the  water  (the  relative  amount  of  lime  and  magnesia  in  it) 
by  means  of  a  standard  solution  of  soap.  A  detailed  description  of  this 
method,  which  was  first  employed  by  Clark,  may  be  found  in  Bolley 
A  Paul's  Handbook  of  Technical  Analysis.  See  also  Sutton's  Yo1u« 
metric  Analysis. 

2.   ACIDIHETBY. 

A«  Estimation  bt  Specific  Grayitt. 

§  203. 

Tables,  based  upon  the  results  of  exact  experiments,  have  been  drawn 
up,  expressing  in  numbers  the  relation  between  the  specific  gravity  of 
the  aqueous  solution  of  an  acid,  and  the  amount  of  real  acid  contained 
in  it.  Therefore,  to  know  the  amount  of  real  acid  contained  in  an 
aqueous  solution  of  an  acid,  it  suffices,  in  many  cases,  simply  to  deter- 
mine its  specific  gravity.  Of  course  the  acids  must,  in  that  case,  be 
free,  or  at  least  nearly  free  from  admixtures  of  other  substances  dis- 
solved in  them.  Now,  as  most  common  acids  are  volatile  (sulphuric 
acid,  hydrochloric  acid,  nitric  acid,  acetic  acid),  any  non- volatile  admix- 
ture may  be  readily  detected  by  evaporating  a  sample  of  the  acid  in  a 
small  platinum  or  porcelain  dish. 

The  determination  of  the  specific  gravity  is  effected  either  by  com- 
paring the  weight  of  equal  volumes  of  water  and  acid,*  or  by  means  of 
a  good  hydrometer.  The  estimations  must,  of  course,  be  made  at  the 
temperature  to  which  the  Tables  refer. 

liie  Tables  on  pages  488 — 491  give  the  relations  between  the  spe- 
cific gravity  and  the  strength  for  sidphuric  acid,  hydrochloric  acid, 
nitric  acid,  and  acetic  acid. 

In  all  cases  in  which  the  determination  of  the  specific  gravity  fails  to 
attain  the  end  in  view,  or  which  demand  particiilar  accuracy,  the  fol- 
lowing method  is  employed. 

B.  Estimation  by  Saturation  with  an  Alkaline  Fluid  of  known 

STREKGTH.f 

§  204. 

This  method  requires : — 

A  dilute  acid  of  known  strength. 
An  alkaline  fluid  of  known  strength. 

*  See  Orerille  Williams*  Chemical  Manipulation. 

f  According  to  Nicholson  and  Price  (Ghem.  Gaz.,  1850,  p.  80)  the  oominoD 
method  of  acidimetrj  is  not  soited  for  detennining  free  aoetic  add,  on  aocount 
of  the  alkaline  reaction  of  neutral  acetate  of  soda ;  however,  Otto  (Annal  d. 
Qiem.  n.  Pharm.  102,  69)  has  clearly  demonstrated  that  the  error  arising  from 
this  is  so  inconsit^erable  that  it  may  safely  be  disregarded. 
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Showing  the  peroentsgee  ofliTilrated  and  uilijdnnu  lad  ooiTwnnilin 
to  yuious  Kpec ific  gravities  of  aqneoiu  A^pAwrw  AM  hy  Bmia; 
calctdated  for  15",  by  Otto. 
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Specific 
gravity. 
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GBiowiiig  the  pDroeiitages  of  anh jdroiu  acid  wrr^amfoding  to 
spmific  grayitieo  of  aqneouB  NUrio  Aeui^  by  UBX.  Temi 
15^ 


Spedfio 
gnTitj. 
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404 
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0« 

a  Preparation  of  the  Solutions, 

The  axdd  may  be  of  such  strength  as  to  contain  in  1000  c.  c.  tbe  exact 
equivalent  number  (H=l)  of  grammes  of  the  acid,  accordingly,  40  grm* 
sulphuric  acid,  36-46  hydrochloric  acid,  36  oxalic  acid,  kc  Acids  of 
this  strength  are  called  normal  adds  /  equal  volumes  of  them  have  the 
same  power  of  saturating  alkalies.  Their  use  is  convenient  for  techni- 
cal analyses.  For  nicer  work  we  employ  more  dilute  acids,  either  deci- 
normal,  or  of  some  other  convenient  standard.  As  the  first  step  in  the 
preparation  of  a  dilute  sulphuric  acid,  of  convenient  strength  for  ordi- 
nary use,  dilute  20  cubic  centimetres  of  oil  of  vitriol  with  water  to  the 
Tolume  of  2  litres. 

The  standard  alkali  is  made  from  commercial  caustic  potash  ;  this  is 
dissolved  in  water  and  diluted  until  a  given  volume,  e.  g.  5  c.  e.,  neutral- 
izes 4  to  5  c.  c.  of  the  standard  add,  as  is  determined  by  a  few  rough 
trials. 

The  alkali-solution  thus  obtained  is  heated  to  boiling  in  a  flaak,  and  a 
little  freshly-slaked  lime  is  added  to  decompose  any  carbonate  of  pot- 
ash. The  boiling  is  continued  a  few  minutes  and,  finally,  the  ley  is 
poured  upon  a  filter,  and  the  filtrate  is  collected  in  the  bottle  from 
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TABLE  IV. 


Showing  the  percentages  of  hydrated   acid  corresponding  to  various 
specific  gravities  of  aqueous  Acetic  Acidy  by  Mohr. 


r 


flpedflo 
Snviijr* 


1-0635 
1-0655 
1-0670 
1-0680 
1-0600 
1-0700 
1-0706 
1-0708 
1-0716 
1-0731 
1-0780 
1-0780 
10730 
1-0780 
1-0730 
1-0780 
1-0730 
10780 
1-0780 
1-0732 


•8: 

i 


I 


fi^ 


100 
99 
98 
97 
96 
95 
94 
98 
92 
91 
90 
89 
88 
87 
86 
85 
84 
88 
82 
81 


Sp6ciflo 
gravity. 


10735 
10735 
1-0732 
10732 
1-0730 
1-0720 
1-0720 
1-0720 
1-0710 
10710 
1-0700 
1-0700 
1-0700 
1-0690 
10690 
1-0680 
1-0680 
10680 
1-0670 
1-0670 


80 
79 
78 
77 
76 
75 
74 
78 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 


Specific 
gravity. 


1-067 
1066 
1-066 
1065 
1064 
1-064 
1063 
1063 
1062 
1-061 
1060 
1059 
1-058 
1056 
1-055 
1055 
1-054 
1-053 
1-052 
1051 


n 


I 


11 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 


Specific 
gravity. 


1-051 
1050 
1049 
1-048 
1-047 
1-046 
1-045 
1-044 
1-042 
1-041 
1-040 
1039 
1-038 
1-036 
1-035 
1034 
1033 
1032 
1-031 
1-029 


^1 
J 


I 


40 
39 
38 
87 
86 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 


Specific 
gravity. 


1-027 
1026 
1025 
1024 
1-023 
1022 
1  020 
1-018 
1-017 
1016 
1-015 
2-013 
1-012 
1010 
1008 
1007 
1-005 
1-004 
1-002 
1-001 


20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

8 

2 

1 


which  it  is  to  be  used.  Care  should  be  taken  to  bring  upon  the  filter 
some  of  the  excess  of  lime  that  is  suspended  in  the  liquid,  so  that  the 
latter  may  acquire  no  carbonic  acid  from  the  air.  This  clear  liquid 
thus  obtained  is  a  potash-lye  containing  lime  in  solution.  If  exposed 
to  the  air,  the  carbonic  acid  that  is  absorbed  separates  as  carbonate  of 
lime,  leaving  the  liquid  perfectly  caustic. 

It  now  remains  to  determine  with  the  greatest  accuracy,  1st,  the  vol- 
ume of  alkali  which  neutralizes  a  cubic  centimetre  of  the  acid,  and,  2dy 
the  amount  of  SO3  contained  in  a  cubic  centimetre  of  the  latter. 

As  a  means  of  recognizing  the  point  of  neutralization,  tincture  of 
cochineal  possesses  great  advantages  over  solution  of  litmus.  The 
knowledge  of  this  fact  is  due  to  LucKOW,  who  has  detailed  its  applica- 
tion in  Jour,  fiir  JPract,  Chem,^  Jxxxiv.,  p.  424.  Tincture  of  cochineal 
18  prepared  by  digesting  and  frequently  agitating  three  grammes  of  pul- 
verised cochineal  in  a  mixture  of  50  cubic  centimetres  of  strong  alcohol 
with  200  c.  c.  of  distilled  water,  at  ordinary  temperatures,  for  a  day  or 
two.     The  solution  is  decanted,  or  filtered  through  Swedish  paper. 

The  tincture  thus  prepared  has  a  deep  ruby-red  color.  On  gradually 
diluting  with  pure  water  (free  from  ammonia),  the  color  becomes  orange 
and  finally  yeUowish-orange.  Alkalies  and  alkali-earths  as  well  as  their 
earbonates  change  the  color  to  a  carmine  or  violet-carmine.  Solutions 
of  strong  acid  and  acid  salts  make  it  orange  or  yellowish-orange. 
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To  deiermins  Ae  volumeirie  rdaUon  of  the  alkali  and  add^  %  gim 
Tolume  c*  the  latter,  e.  g.  20  c.  o.,  is  measured  off  into  a  wide-numtbad 
flask,  ten  drops  of  cochineal-tinctare,  and  about  150  c  c.  of  water  air 
added — the  alkali  is  now  allowed  to  flow  in  from  a  burette,  until  tbi 
yellowish  liquid  in  the  flask,  suddenly,  and  by  a  single  drop,  acquires  t 
violet-carmine  tinge. 

In  nicer  determmations,  it  is  important  to  bring  the  liquid  each  tuni 
to  a  given  volume,  by  adding  water  after  the  neutitdization  is  nearly  &!• 
ished.  For  this  purpose,  two  or  more  flasks  of  equal  capacity  are  » 
lected,  and  on  the  outside  of  each  a  strip  of  paper  is  gummed  to  indicate 
the  level  of  the  proper  amount  of  liquid,  e.  g.  200  c.  c  The  aame 
amount  of  coloring  matter  being  thus  always  diffused  in  the  same  toI- 
mne  of  the  same  water,  the  errors  of  varying  dilution  and  vazying 
amount  of  ammonia  (which  is  rarely  absent  from  distilled  water)  are 
avoided.  The  contents  of  one  flask,  in  which  the  neutralixatioii  has 
been  satisflictorily  effected,  may  be  kept  as  a  standard  of  color  for  the 
succeeding  trials,  as  the  tint  remains  constant  for  hours,  being  unaffected 
by  the  absorption  of  carbonic  acid.  The  greatest  convenience  and  ae- 
curftcy  of  measurement  are  obtained  by  using  burettes  provided  with 
Erdhann^s  swimmer  (See  p.  30.) 

When  three  or  four  accordant  results  have  been  obtained,  the  avtoage 
is  taken  as  expressing  the  relative  strength  of  the  add  and  alkali  * 

To  ascertain  the  abeolute  etamdard^  weigh  off  in  a  small  platinum  cru- 
cible about  0*8  grm.  of  pure  carbonate  of  soda,  ignite  to  dull  redness, 
.cool  and  weigh  accurately :  bring  the  crucible  with  its  contents  into  one 
''  of  the  wide-mouthed  flasks  and  let  flow  from  the  burette  a  slight  exoeaa, 
e.  g.  50  c.  c,  of  standard  acid.     The  solution  of  carbonate  of,  soda  is 
&alitated  by  wanning,  and,  finally,  the  contents  of  the  flask  are  gently 
boiled  for  several  minutes  to  expel  carbonic  acid.     The  solution  is  now 
allowed  to  become  perfectly  coldy  then  add  ten  drops  of  cochineal  and 
lastly  the  standard  alkali  to  neuti*alization,  diluting  to  the  proper  vol- 
ume. 

To  illustrate  the  accuracy  of  the  process  and  the  calculations  employed, 
the  following  actual  data  may  be  useful.  The  normal  acid  was  made  by 
diluting  50  c.  c.  of  oil-of-vitriol  to  the  volume  of  ten  litres  and  had  hatf 
the  strength  above  recommended.  The  alkali  was  from  a  stock  on  hand 
and  more  dilute  than  necessary. 

Helation  of  acid  to  alkali. 

Exp.  1.,  20  c.  c.  S()3=32-8  c.  c.  KO,  or  1  :  1*64 
Exp.  II.,  20  c.  c.  SOj  =  32-8  c.  c.  KO,  or  1  :  1-64 
Exp.  III.,      40  c.  c.  S03=65-7  c.  c.  KO,  or  1  :  1-6425 

We  have  accordingly: 

1  c.  c.  S03=l-64  c.  c.  KO  and  1  c.  c.  KO=0-60976  c  c.  SO, 

Absolute  strength  of  acid  and  alkali, 

Exp.  I.  0'4177  grm.  of  carbonate  of  soda  were  treated  with  44*2  of  SOj, 
To  neutralize  the  excess  of  the  acid  were  required  3*8  c.  c,  KO,  which  cor- 
respond to  2-32  c.  c.  S043-8  x  0G097C).  Deducting  this  from  the  total 
amount  of  acid  (44*2 — 2*32)  we  have  41*88  c.  c.  of  acid,  equivalent  to  the 
carbonate  of  soda  taken. 
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41-88  c.  c.  solution  of  803  =  04197  grm.  NaO  COg. 

Exp.  II.  0*4126  grm.  NaO  Coa  treated  with  44  c.  c.  SO3  required 
4-58  c.  c.  KO.  4-28 X  0-60976=  2-61  c.  c.  SO3.  44-2-61=41-39 
c  c  8O3. 

41-39  c.  c.  solution  of  803=0-4126  grms.  NaO  COg. 

It  is  convenient  to  calculate  how  much  acid  corresponds  to  53  deci* 
grammes  of  carbonate  of  soda,  since  the  relation  of  any  other  substance 
to  the  acid  is  thiBn  obtained  by  substituting  its  equivalent  number  for  53 
(the  equivalent  of  NaO  00^),  in  the  following  equation,  thus : 

grms.  NaO  GOa  o.  o.  S0| 


I.      0-4177:0-53    ::     41-88 :  63-14 
II.      0-4126  :  0-53    : :     41-39  :  53-17 

Accordingly  0-53  grm.  NaO  CO^  neutralize  53-155  c.  c.  SO3. 

If,  for  example,  the  solutions  are  employed  for  nitrogen  estimations 
(§  185),  we  learn  how  much  nitrogen  corresponds  to  1  c.  c.  of  acid,  by  the 
following  proportion : 

c.  c  SO,  grm.  N. 

53-155:1      ::     0-140:0-002634 

We  may  then  write  on  the  label  of  the  acid  bottle  the  following  data 
for  calculation. 

1  c.  c.  KO  =0-60976  c.  c.  SO3. 
1  c.  c.  SO3  =1-64  c.  c.  KO. 
1  c.  c.  SO3   =0-002634  grm.  N. 

According  to  Luckow,  cochineal  is  quite  indifferent  to  carbonic  and 
Bulphydric  acids,  carminic  acid  being  stronger  than  these.  This  is  prac- 
tically true  for  solutions  of  considerable  strength.  Hence  a  Normal  AU 
kali  for  technical  arudyais  may  heprepanred  by  simply  dissolving  53  yrms, 
of  pure  and  anhydrous  carbonate  of  soda  in  a  litre  of  water .  To  make  a 
normal  acid  mix  1050  c.  c.  of  water  with  60  grm.  of  concentrated  sul- 
phuric acid,  let  cool  and  ascertain  as  just  described  how  many  c.  c.  of 
this  acid  neutralize  50  c.  c.  of  normal  carbonate  of  soda.  Suppose  48-6 
c.  c.  are  required,  then  50— 48-6= 1*4  c.c.  of  water  must  be  added  to  every 
48*6  c.  c.  of  acid  to  make  it  normal.  For  a  litre  of  normal  acid  48-6  x 
20  972  c.  c.  of  this  acid  and  28  c.  c.  of  water  should  be  mixed.  As  it  is 
difficult  to  do  this  with  accuracy,  we  ascertain  how  much  water  is 
needed  to  bring  1000  c.  c.  of  the  acid  to  the  normal  strength. 

972  :  1000  : :  28  :  a? 
X  =  28-8 

Fill,  therefore,  a  tfask  liolding  a  litre  to  the  mark  with  the  acid,  add 
from  a  burette  28*8  c.  c.  of  water  and  mix.  Test  finally  the  acid  against 
the  alkali  to  be  certain  that  equal  volumes  neutralize  each  other. 

Decinormal  solutions  may  be  prepared  by  diluting  100  c.  c.  of  the  normal 
solutions  to  a  litre,  or  taking  5*3  grms.  of  carbonate  of  soda  as  the  starting 
point.  In  ihe  neutralization  it  is  not  needful  to  expel  carbonic  acid  by 
boiling.  The  influence  of  the  latter  is  however  at  once  seen  when  a  caustic 
and  carbonated  alkali  are  operated  with  side  by  side.  In  case  of  the 
former,  the  point  of  neutralization  (or  rather  of  supersatui-ation),  ia 
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flhown  by  »  piompt  and  dedaTe  dbange  from  ft  Jut  in  iriiioli  onMi 
predominfttfift,  to  one  in  iHiioh  this  diaa^wan  and  violei  is  most  bmiIh 
In  presenoeof  carbonio  add  the  change  ia  aomewhat  gradnftl,and  thoii|^ 
a  red  color  ia  produced  it  ia  modified  hj  an  orange  tint^  even  in  p0» 
ence  of  a  large  exceaa  of  aliudi  Hence^  it  ia  to  be  recommended,  eipa- 
dallj  in  nice  inveatigationSy  to  employ  a  canatio  alkali.  A  triflk  ka 
of  it  will  be  found  needful  to  neutoalize  a  given  volume  of  add,  than  k 
required  of  a  carbooftted  aolution,  and  no  doubt  will  eziataa  to  tiiepdvk 
of  saturation.* 

This  indifTerence  towards  carbonio  add  ia  a  great  advantage  in  niee 
analyses,  in  that  the  time  consumed  for  emoting  neutraUaatioii  k 
without  influence  on  the  result.  When  litmus  is  used  and  the  pomt 
of  neutralization  ia  reached,  a  abort  exposure  to  the  air  sufficea  to  reddm 
the  liquid  again.  If  the  operator  is  obliged  tO'proceed  slowly,  he  iHII 
require  somewhat  more  idkui  than  when  he  operatea  validly;  a  poriioB 
of  it  being  neutralised  by  atmospheric  carbonic  add.  With  cochiiMil, 
the  result  is  independent  of  the  small  amount  of  carbonio  add  that  en 
come  from  the  air.  The  permanence  of  the  color  also  allowa  aevenl  tip 
trations  to  be  compared  directly  together. 

Another  advantage  of  cochineal  is,  that  its  solution,  prroared  as  tbove 
described,  may  be  preserved  indefinitely  in  dosed  vcoaola,  without  d»> 
colorization  or  alteration. 

6.  The  Actual  Analysia, — ^It  is  only  necessary  to  wei^  or  measure  off 
a  quantity  of  the  add  to  be  examined  and  ascertain  how  mndi  standtd 
alkali  is  required  for  its  neutralization,  as  haa  been  detailed.  The  8eko> 
tion  of  the  alkaline  fluid  depends,  of  course,  entirdy  upon  tiie  qusnti^ 
of  add  to  be  neutralized.  The  neularalization  of  the  wei^ied  ormeaiond 
acid  fluid  should  take  about  15 — 30  c  c. 

In  sdentific  investigations,  I  recommend  the  wdghing  of  indetemiiiste 
quantities  of  the  add  fluid,  as  the  weighing  of  definite  quantities  on  a 
chemical  balance  is  troublesome,  and  the  trouble  of  calculation  is  not 
worth  mentioning.  Suppose,  for  instance,  you  have  weighed  off  4*5 
grm.  of  a  dilute  acetic  acid,  and  used  25  c.  c.  normal  solution  of  soda  to 
neutralize  this,  you  find  by  the  proportion, 

1000  :  25  : :  60  (eq.  C4  H^  O4)  :  a?;  »=l-5, 

that    1*5   grm.  of  hydrated  acetic  add  are  contained  in  the  wd^ied 
quantity  of  the  dilute  acid  ;  and  another  proportion,  viz., 

4-5  :  1-5  ::  100  :  x;  a?=:33'33 

gives  the  percentage  of  hydrated  acetic  add  contained  in  the  analyzed 
fluid.     Or,  the  calculation  may  also  be  made  as  follows: — 

4*5  grm.  of  the  acetic  acid  examined  having  required  25  c.  c.  of  normal 

*  Collier  has  made  some  experiments  with  a  sulphuric  add  containing  25  a  a 
oil  of  vitriol  to  the  litre,  and  a  solution  of  carbonate  of  soda,  and  he  found,  when 
COi  was  expeUed  by  boiling,  that  10  o.  a  SOs=7-66  and  7*67  a  0.  of  NaO  G0«; 
when  GO)  was  not  expelled,  10  c.  a  801=7*68  and  7*7.  These  results  are  as 
good  as  identicaL  In  standarding  the  much  weaker  add  above  mentioned, 
he  obtained  for  it  a  value  slightlj  too  low  when  00«  was  not  removed.  0*S8 
grm.  NaO  C0«  required  in  this  case  bat  58*05  a  a  SO),  instead  of  53*165 
as  in  the  other  instances.  This  is  a  very  slight  difference  and  not  appreciable 
perhaps  with  ordinary  burettes,  but  it  is  a  constant  and  perceptible  differ- 
ence. What  is  of  more  importance  is  the  uncertainty  as  to  the  point  of  neu- 
traliiatlon. 
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Lation  of  soda  for  neutraliattion,  how  much  would  6  grm.  {i,e,  the 
sight  of  -^  eq.  grm.  hydrated  acetic  acid)  require? 

4-6  :  6  ::  25  :»;  a;=33-33 

It  is  evident  that  in  this  case  the  number  of  c.  c.  found  as  x  expresses 
.6  percentage  of  hydrated  acetic  acid,  since  100  c.  c.  of  normal  solution 
'  soda  correspond  to  ^  eq.  gim.  pure  hydrated  acid,  ». «.  acetic  acid  of 
K)  per  cent. 

In  technical  analyses  it  is  more  convenient  if  the  number  of  c.  c.  or 
df  c.  c.  used  of  the  normal  solution  of  soda  expresses  directly  the  per- 
tntage  of  hydrated  or  anhydrous  acid  contained  in  the  examined  fluid, 
or  this  purpose,  the  -^  or  -fjf  equivalent  number  (H=l)  of  granunes 
'  the  anhydrous  or  hydrated  acid,  are  weighed  off  according  as  the 
imber  of  c.  c.  or  half  c.  c.  of  normal  alkali  used,  are  to  express  the 
srcentage  of  hydrated  or  anhydrous  acid  contained  in  the  analyzed 
lids. 
The  following  are  the  quantities  for  the  more  common  acids : — 


-^  Eq.  number 

^  Eq.  number 

Sulphuric  add 
Hydrated  sulphuric  add   . 
Nitric  acid 

of  grammes, 

.4-0             .         , 
.4-9            .        , 
.5-4            .        , 

0f| 

sprammes, 
2-00 
2-46 
2-70 

Hydrated  nitric  add 
Hydrochloric  add     . 
Oxalic  add 

.     6-3 
.     3-646 

3-6            .        . 

3-16 

1-823 

1-80 

Crystallized  oxalic  acid 
Acetic  acid 

6-3 
.5-1            .        , 

315 
2-56 

Hydrated  acetic  add 
Tartaric  add    . 

.6-0            .        , 
.6-6            .        , 

3-00 
3-30 

Hydrated  tartaric  add 

.7-5            .        . 

1  « 

3-75 
1      11     « 

But,  as  the  weighing  of  definite  small  quantities  would  hardly  be 
curate  enough,  it  is  preferable  to  weigh  oil*  the  half  eq.  grm.  of  the 
ids  (i.  e,  20  or  24*5  grm.  of  sulphuric  acid,  according  to  whether  it  is 
tendfid  to  find  the  percentage  of  anhydrous  or  of  hydrated  add;  18-23 
hydrochloric  acid,  &c.)  in  a  measuring  flask  holding  500  c.  c,  add 
iter  cautiously,*  allow  to  cool  if  necessary,  fill  up  with  water  to  the 
ark,  shake,  aud  then  remove,  by  means  of  the  pipette,  100  or  50  c  c, 
cording  to  whether  ^V  or  i»(r  «q-  grm.  add  is  to  be  used. 

e.  DeviaHaru  from  the  preceding  metliod  of  Analysis, 

eu  It  is  often  preferred  to  have  the  alkali  of  such  a  strength  that  the 
0.  or  the  half  c.  c.  employed  to  neutralize  a  round  number  of  grm.  or 
0.  of  an  aqueous  acid  may  express  at  once  the  percentage  of  real  acid. 
>r  instance,  if  we  add  20  c.  c.  water  to  1000  c.  c  normal  soda  solution, 
ese  1020  c.  c.  will  saturate  51  (1  eq.)  grm.  anhydrous  acetic  add, 
KM)  c.  0.  therefore  saturate  50  grm.  Hence  if  we  take  10  grm.  of  vine- 
r  (10  a  c.  will  do  instead,  as  the  specific  gravity  of  vinegar  scarcely 
ffers  from  that  of  water),  and  add  our  diluted  solution  of  soda  to  satu* 

*  In  the  case  of  oonoentrated  salphuric  add,  the  flask  must  be  half  full  ci 
iter  before  the  add  is  weighed  into  it. 
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ration,  the  o.  o.  uaed,  divided  by  3,  will  ezprci«  the  peroentage  of  iiili^ 
droQS  acetic  acid  in  the  specinien  of  vinegar  examined.* 

/?.  If  the  color  of  a  fluid  conceals  the  change  of  the  diasolved  oodbineil, 
or  if  salts  of  iron  be  present,  we  nae  red  litmus  or  turmeric  paper  to  bit 
the  point  of  neutralization,  i.  e.,  we  add  alkali  till  a  strip  <^  test  psper 
dipped  in  just  indicates  a  weak  alkaline  reaction.  In  this  case  mon 
alkali  will  be  employed  than  when  cochineal  can  be  used  in  solutioo, 
and  in  exact  determinations  it  may  be  worth  while  to  rectify  the  error 
by  a  correction.  This  may  be  done  by  taking  a  like  quantity  of  watei 
and  adding  soda  solution,  till  the  fluid  just  gives  a  reaction  on  the  teit 
paper  in  question,  as  strong  as  was  obtained  at  the  dose  of  the  first  ex- 
periment. The  quantity  of  alkali  used  is  of  course  to  be  deducted  fixxm 
the  quantity  employed  in  the  first  experiment. 

d.  Applioaiian  of  the  Addimefyrie  principle  to  the  determinaiion  of 

oonMned  cuadi. 

The  acidimetric  principle  may  often  be  employed  also  for  the  dete^ 
mination  of  acids  in  combination  with  bases,  if  solution  of  carbonate  of 
soda  precipitates  the  latter  completely,  and  in  a  state  of  purity.    For 
instance,  acetic  acid  in  iron,  mordant,  or  in  verdigris,  may  be  estimated 
in  this  way,  by  the  foUowing  process: — Precipitate  with  a  measured 
quantity  of  normal  solution  of  carbonate  of  soda  in  excess,  boil,  filt», 
wash,  concentrate  the  filtrate,  add  cochineal  and  normal  add  to  neu- 
tralization.    Subtract  the  c.  c.  of  standard  add  used,  from  the  c  c 
of  soda  solution  consumed  ia  the  experiment :  the  difference  expresses 
the  quantity  of  soda  solution  neutralized  by  the  add -contained  in  the 
substance,  in  combination  as  well  as  in  the  free  state.    Of  oourae,  cor- 
rect results  can  be  exi)ected  only  if  no  basic  salt  has  been  thrown  down 
by  the  soda  solution. 

e.  Determination  of  combined  acids  by  Oibbe*  method.     See  §  149,  iL, 

c,  7,  p.  330, 

Modification  of  the  common  Acidimetric  Method  (E^isFSBf). 

§206. 

Instead  of  estimating  free  acid  by  a  solution  of  soda  of  known  strength, 
and  dottirniiiiing  the  neutralization  point  by  means  of  cochineal  tincture, 
an  ammoniacal  solution  of  oxide  of  copper  may  be  used  for  the  pur- 
pose, in  which  case  the  neutralization  2)oint  is  known  by  the  turbidity 
observed  as  soon  as  the  free  acid  present  is  completely  neutralized.  The 
copper  solution  is  prepared  by  adding  to  an  aqueous  solution  of  sulphate 
of  copper,  solution  of  ammonia  until  the  precipitate  of  basic  salt  which 
forms  at  first  is  just  redissolved.  After  determining  the  strength  of  the 
solution  by  normal  sulphuric  or  hydrochloiic  acid  (not  oxalic),  it  may  be 
emploved  for  the  estimation  of  all  the  stronger  acids  (with  the  exception 
of  oxalic  acid),  provided  the  fluids  are  clear.  The  basic  salt  of  copper, 
in  the  precipitation  of  which  the  final  reaction  consists,  is  not  insoluble 
in  the  ammonia  salt  formed,  and  its  solubility  depends  on  the  degree  of 
concentration,  and  on  the  presence  of  other  salts,  espedally  of  ammonia 
salts   (Caret  Lea  J).      Hence  the  method  cannot  boast  of  sdentifio 

*  ZeitBchzift  f.  onalyt  Chem.  1,  258.  f  Annal  d.  Ghem.  u.  Phaxm.  93,  886. 

t  Ghem.  News,  4,  105. 
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TABLE   I. 


Percentages  of  Anhydrous  Potassa  corresponding  to  different  specific 

gravities  of  solution  of  potassa. 


DaUon, 

Tunnermann  {at  15**). 

Specific 
gravity. 

Peroentage 

of  anhydrous 

potassa. 

Specific 
gravity. 

Percentage 

of  anhydrous 

potassa. 

Specific 
gravity. 

Percentage 

of  anhydrous 

potassa. 

1-60 

48-7 

1-3300 

28-290 

11437 

14  145 

1-53 

42-9 

1  -3131 

27  158 

11308 

13-013 

1-47 

39-6 

1-2966 

26  027 

11182 

11-882 

144 

86-8 

1  -2803 

24-895 

1-1059 

10750 

142 

34-4 

1-2648 

23-764 

10938 

9-619 

139 

32-4 

1-2493 

22-632 

1-0819 

8-487 

1-36 

29-4 

1-2342 

21  -500 

1-0703 

7-a55 

1-33 

26-3 

1-2268 

20-935 

10589 

6  224 

1-28 

23-4 

1-2122 

19-803 

1-0478 

5-002 

las 

19*5 

11979 

18-671 

1-0369 

8-961 

119 

16-2 

1-1839 

17-540 

1-0260 

2-829      * 

115 

13  0 

11702 

16-408 

1-0153 

1-697 

111 

9-5 

11668 

15-277 

1-0050 

0-5658 

106 

47 

TABLE   II. 


Percentages  of  Anhydrous  Soda  corresponding  to  different  specific 

gravities  of  solution  of  soda. 


DaUon. 

Tunnermann  {at  15**). 

Sped^c 
gravity. 

Percentage 
of  anhy- 
drous soda. 

Specific 
gpravity 

Percentage 

of  anhy- 
drous soda. 

Specific 
gravity. 

Percentage 

of  anhy- 
drous soda. 

Specific 
gravity. 

PercentAge 

of  anhy- 
drous soda 

1-56 

41-3 

1-4285 

30-220 

1  -2982 

20-550 

1  -1528 

10-275 

1-50 

36-8 

1-4193 

29-616 

1-2912 

19-945 

1-1428 

9^70 

1-47 

34-0 

1-4101 

29-011 

1-2843 

19-341 

11330 

9-066 

1-44 

310 

1-4011 

28  407 

1  -2775 

18-730 

1-1233 

8-462 

1-40 

29-0 

1-3923 

27-802 

1-2708 

18  132 

11137 

7-a57 

1-36 

26-0 

1-3886 

27-200 

1-2642 

17-528 

1-1042 

7-253 

1-82 

23-0 

1  -3751 

2(J594 

1-2578 

16-923 

1-0948 

6-648 

1-29 

19-0 

1  -3668 

25-989 

1-2515 

16-319 

1  0855 

6-044 

1-23 

16  0 

1  3586 

25  -385 

1  -2453 

15-714 

10764 

5-440 

118 

13-0 

l-35a5 

24-780 

1  -2302 

15-110 

10675 

4-835 

1-12 

9-0 

1  -3426 

24  176 

12280 

14-506 

1  •a587 

4^1 

106 

47 

1  3349 

23-572  . 

1  -2178 

13-901 

1  -0500 

3-626 

s 

1-3273 

22  967 

1  -2a58 

13-297 

10414 

8-022 

1-3198 

22  303 

1-1948 

12-692 

1  -0330 

2-418 

1  -3143 

21  -894 

1-1841 

12-088 

1  0246 

1-813 

1-3120 

21  -758 

1-1734 

1 1  -484 

1-0163 

1-209 

1-3053 

21-154 

11630 

10-879 

1-0081 

0-604 

32 


BPECUl   PABT. 


[gSM 


TAIILE  rii. 


PflToentftgM  of  Ahvohia  (N  H)  corresponding   to   different  ipeciSc 
gnivitiea  of  solution  of  ammonia  at  lO*^  (J,  Otto). 


Specific 

Percontag* 

Speolflo 

ParoentogB 

Specific 

ammoDi.. 

grivity. 

gravity. 

ruvitj. 

0-8517 

13-000 

0*007 

9H25 

00697 

7-250 

0-0821 

ii-eifl 

0-9013 

9-000 

0-9702 

7-125 

OflSai 

11-750 

0.90ie 

B-375 

0-9707 

7-000 

0'9331 

11-6S5 

0-9(181 

u-sso 

0-H711 

8-876 

0-9530 

11500 

0-B620 

9135 

0-971U 

0750 

0-9040 

11-375 

ODOOl 

B-000 

0-0731 

6-036 

0fl545 

11-250 

0-9«3f! 

8-S75 

0-9728 

6  500 

0-9SfiO 

11125 

03641 

8-700 

0-9730 

6-37S 

0-ai.w 

11-000 

0-9648 

8-035 

0-0735 

6-350 

O'OGsn 

10-S50 

0-9650 

8-500 

0-9740 

0-135 

o-9sa9 

10-873 

0-9854 

8  375 

0-9745 

6-000 

0-9504 

10  ■750 

0-9859 

8-250 

0-9749 

5-875 

011560 

10-0S5 

0-9664 

8135 

0-9754 

6-750 

0-9574 

10-500 

0  0689 

8  000 

0-97.'.B 

5-835 

0-007a 

10-375 

0-9673 

7-875 

0-07S4 

5-fiOO 

0-0583 

10-250 

0-0679 

7-750 

0-9708 

5-376 

0-9588 

lo-iai 

0-9683 

7  635 

0-9773 

6-260 

0-9593 

10-000 

0-0H88 

7-r,oo 

0-0778 

6-136 

0-9597 

0-e75 

0-0H93 

7-875 

011783 

6-000 

0-9602 

9-760 

accuracy,  but  aa  the  Tariatiooa  occaidoned  by  the  causna  mentioned  us 
inconaiderable,*  the  process  retaisa  its  applicability  to  technical  purposn, 
for  which,  indeed,  it  -was  originally  proposed.  This  method  ia  of  especul 
value  in  cases  in  which  free  acid  is  to  be  determined  in  presence  of  a 
neutral  metallic  salt  with  acid  reaction — e.g.,  free  sulphuric  acid  ia 
mother-liquors  of  sulphate  of  copper  or  sulphate  of  zinc,  die  It  is  advis- 
able to  determine  the  strength  of  the  sjnmoniacal  copper  solution  4fce« 
before  every  fresh  seriea  of  eiperimenta. 

3.  Alkaliuetrt. 


§206. 

Q  pure  or  nearly  pure  solutions  of  hydrated  soda  or  potassa,  or  of 
Qonia,  the  percentage  of  alkali  may  be  estimated  from  tho  specifia 
gravity  of  the  solution. 

B.  Estimation  ov  the  total  Auount  of  Gabbonatbd  jun>  Cautiic 
Alkau  in  crude  Soda  and  in  Potashes, 

The  "  soda  ash  "  of  commerce  ia  a  crude  carbonate  of  aoda — tha 

1  the  sabject  In  the  ZeitKhrift  t  uulyt  Chem 
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"  potashes  "  and  "  pearlash  '*  a  crude  carbonate  of  potash.  The  com- 
mercial Talue  of  tliese  articles  depends  on  the  percentage  of  alkaline 
carbonate  (or  cansdc  alkali)  that  they  contain,  which  is  very  variable. 

I.  Volumetric  Methods. 
Method  of  Descboizilles  and  Gay-Lussac,  digJuty  modified. 

§  207. 

The  principle  of  this  method  is  the  converse  of  that  on  which  the 
acidimetric  method  described  §  204,  is  based,  i.0.,  if  we  know  the  quan- 
tity of  an  acid  of  known  sti*ength,  required  to  saturate  an  unknown 
quantity  of  caustic  potassa  or  soda,  or  of  carbonate  of  potassa  or  soda, 
we  may  readily  calculate  from  this  the  amouut  of  alkali  present. 

For  technical  analyses  we  may  employ  the  normal  sulphuric  acid, 
p.  493. 

For  the  analysis  we  may  conveniently  weigh  off  such  a  quantity  of 
the  substance  that  the  number  of  c.  c.  of  acid  required  to  neutralize  it 
shall  directly  express  its  percentage  of  the  alkali  or  carbonate  sought. 

The  proper  quantities  of  the  compounds  of  potassa  and  soda  to  em- 
ploy are  J^  Eq.  (H  =1)  expressed  in  grms.,  viz. : — 

Potassa,  K  0 4-711  grm. 

Hydrate  of  potassa,  KO,  HO 5-611  « 

Carbonate  of  potassa,  KO,  00:^ 6-911  " 

Bicarbonate  of  potassa,  KO,  HO,  2  COj 10*011  " 

Soda,  NaO 3-100  " 

Hydrate  of  soda,  NaO  HO 4-000  " 

Carbonate  of  soda  (dry)  NaO  CO, 5-300  " 

Ciystallized  carbonate  of  soda,  NaO  CO^,  10  HO 14*300  " 

Bicarbonate  of  soda,  NaO  HO  2  CO., 8-400  « 

WiUi  regard  to  the  examination  of  pearlash  hy  tliis  methody  the  follow- 
ing points  deser\'e  attention : — 

The  various  sorts  of  potash  of  commerce  contain,  besides  carbonate 
of  (and  caustic)  potassa, 

a.  Neutral  salts  {e,g.,  sulphate  of  potassa,  chloride  of  potassium). 

b.  Salts  with  alkaline  reaction  {e.g.,  silicate  of  potassa,  phosphate  of 
potassa). 

c.  Admixtures  insoluble  in  waler,  more  especially  carbonate,  phos- 
phate, and  silicate  of  lime. 

The  salts  named  in  a  exercise  no  influence  upon  the  results,  but  not 
BO  those  named  in  b  and  c.  Those  in  c  may  be  removed  by  filtration ; 
but  the  admixture  of  the  salts  named  in  b  constitutes  an  irremediable, 
though  slight  source  of  error : — that  is  to  say,  if  it  is  desired  to  confine 
the  determination  to  the  caustic  and  carbonated  alkali.  But  as  regards 
tho  estimation  of  the  value  of  pearlash  for  many  purposes,  the  term 
enor  cannot  be  applied  ;  as,  for  instance,  in  the  preparation  of  caustic 
potassa,  by  boiling  the  solution  with  lime,  the  alkali  combined  with 
Kiliric  acid  and  with  phosphoric  acid  is  converted,  like  the  carbonate, 
into  the  caustic  state. 

If  yon  are  not  satisfied  with  finding  the  percentage  of  available  alkali, 
bvt  desire  also  to  know  whether  the  remainder  consists  simply  of 
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foit^igu  saltSy  or  whether  water  is  also  present,  ihe  detenninatioii  of  ^ 
latter  substiuioe  must  precede  the  alkalimetrio  examination.  The  aams 
remark  applies  also  to  soda. 

With  regard  to  the  examination  of  Boda  by  Mb  meihodf  the  following 
points  deserve  attention : — 

The  soda  of  oommeroe,  prepared  hy  Lbblanc's  method,  contains,  be- 
sides carbonate  of  soda,  always,  or  at  least  generally,  hydrate  of  soda, 
sulphate  of  soda,  chloride  of  sodium,  silicate  and  aluminate  c^soda^axui 
not  seldom  also  sulphide  of  sodium,  hypoc^ulphite  and  sulphite  of  soda.* 

The  three  last-named  substances  impede  the  process,  and  interfere 
more  or  less  with  the  accuracy  of  the  results.  Their  presence  is  a8C6^ 
tained  in  the  following  way : — 

a.  Mix  with  sulphuric  acid ;  a  smell  of  sulphuretted  hydrogen  xeTeah 
the  presence  of  iwphide  of  aodiun^  with  wluoh  hyposulphite  of  soda  u 
also  invariably  associated. 

6.  Color  dilute  sulphuric  acid  with  a  drop  of  solution  of  permaogaii- 
ate  of  potassa  or  chromate  of  potas^a,  and  add  some  of  the  aoda  under 
examination,  but  not  sufficient  to  neutralise  l^e  add.  If  the  solutbn  » 
retains  its  color,  this  proves  the  absence  of  both  sulphite  and  hyposul- 
phite of  soda ;  but  if  the  fluid  loses  its  color,  or  turns  green,  as  tibe  eaae 
may  be,  one  of  these  salts  is  present. 

c  l^ether  the  reaction  described  in  t ,  proceeds  frbm  solphiie  or 
hyposulphite  of  soda,  is  ascertained  by  supersaturaUng  a  dear  solution 
of  the  sample  under  examination  with  hydrochloric  add*  If  the  solu- 
tion, alter  the  lapse  of  some  time,  becomes  turbid,  owing  to  ^e  separa-, 
tion  of  sulphur  (emitting  at  the  same  time  the  odor  of  snl{ALurou8  Mid), 
this  may  be  regarded  as  a  proof  of  the  presence  of  hyposulphite  of  soda; 
however,  the  solution  may,  besides  the  hyposulphite,  also  oontain  snip 
phite  of  soda.  With  respect  to  the  detection  of  sulphite  of  soda  in  the 
presence  of  hyposulphite,  comp.  **  Qual.  Anal.,"  p.  187. 

The  defects  arising  from  the  presence  of  the  three  compounds  in 
question  may  be  remedied  in  a  measure,  by  igniting  the  weighed  sanple 
of  the  soda  with  chlorate  of  potassa,  before  proceeding  to  saturate  it. 
This  operation  converts  the  sulphide  of  sodium,  hyposulphite  of  soda, 
and  sulphite  of  soda  into  sulphate  of  soda.  But  if  hjposiilphite  of  soda 
is  present,  the  process  serves  to  introduce  another  source  of  error,  as 
that  salt,  upon  its  conversion  into  sulphate  of  soda,  decomposes  an 
equivalent  of  carbonate  of  soda,  and  expels  the  cai'bonic  acid  of  the 
hitter  [Na  O,  S^O,,  +  40  (from  the  chlorate  of  potassa)  +  Na  O,  C0;,= 
2  (Na  O,  SO3)  -f  CO,].     - 

The  presence  of  silicate  of  soda  and  of  aluminate  of  soda  may  he 
generally  recognized  by  the  separation  of  a  precipitate  as  soon  as  the 
solution  is  satui'ated  with  acid.  If  you  intend  the  result  to  express  the 
quantity  of  carbonated  and  caustic  alkali  only,  the  presence  of  these 
two  bodies  becomes  a  slight  source  of  error,  but  if  you  wish  to  estimate 
the  value  of  the  soda  for  many  purposes,  no  error  will  be  caused. 

§208. 

Method  of  Fb.  Mohb,  modified. 
Instead  of  estimating  the  alkalies  in  the  direct  way  by  means  of  an 

*  Traces  of  i^yanide  of  Bodiom  are  also  oooaslonaUy  found. 
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acid  of  known  strength,  we  may  estimate  them  also,  as  proposed  first  by 
Fr.  Mohb,*  by  supersaturating  with  standard  acid,  expelling  the  car- 
bonic acid  by  boiling,  and  finally  by  detemiining  by  solution  of  soda  the 
excess  of  stajidard  acid  added. 

This  process  gives  very  good  results,  and  is  therefore  particularly 
suited  for  scientific  investigations.  It  requires  the  standard  fluids  men 
tioned  in  §  204,  viz«,  a  standard  acid  and  standard  solution  of  soda.  Each 
of  these  fluids  is  filled  into  a  Mohr's  burette. 

The  process  is  as  follows  :— ? 

Dissolve  the  alkali  in  water,  and  add  a  measured  quantity  of  tincture 
of  cochineal ;  run  in  now  as  much  of  the  normal  acid  as  will  suflice  to 
impart  an  orange  tint  to  the  fluid  ;  then  boil,  and  remove  the  last  traces 
of  carbonic  acid,  by  boiling,  shaking,  blowing  into  the  flask,  and  finally 
sucking  out  the  air. 

Now  add  standard  solution  of  soda,  drop  by  drop,  until  the  color  just 
appears  violet.  There  is  no  difficulty  in  detemiining  the  exact  point  at 
which  the  reaction  is  completed. 

If  the  standard  solution  of  soda  and  the  normal  acid  are  of  correspond- 
ing strength,  the  number  of  c.  c.  used  of  the  soda  solution  is  simply 
deducted  from  the  number  of  c.  c.  used  of  the  acid.  The  remainder  ex- 
presses the  quantity  of  acid  neutralized  by  the  alkali  in  the  examined 
sample.  If  the  two  standard  fluids  are  not  of  corresponding  strength, 
the  excess  of  acid  adde<l,  and  subsequently  neuti  alized  by  the  soda  solu- 
tion, is  calculated  from  the  known  proportion  the  one  bears  to  the  other. 

If  ■j'y  eq.  number  (H=l)  of  grammes  have  been  weighed  of  the  alka- 
lies to  be  valued,  of  soda  accordingly,  5*3  grm.,  of  pearlash  6*91  grm., 
the  number  of  c.  c.  used  of  the  normal  acid  expresses  directly  the  per- 
centage of  carbonate  of  soda  or  carbonate  of  potassa  contained  in  the 
examined  sample ;  since  100  c.  c.  of  the  normal  acid,  containing  yV  ^^- 
grm.  acid  will  just  suffice  to  neutralize  -^  eq.  grm.  pure  carbonate  of  soda 
or  carbonate  of  potassa. f  If  any  other  quantities  of  the  alkalies  have  been 
weighed  ofi^  a  simple  calculation  will  give  the  result  in  the  desired 
form. 

To  make  this  simple  calculation  quite  clear  for  all  possible  cases, 
I  select  one  of  the  most  complicated  kind,  proceeding  upon  the  siipposi- 
tion  that  the  soda  solution  is  not  of  corresponding  strength  with  the 
normal  acid,  but  that  2*2  c.  c.  of  the  soda  solution  neutralize  1  c.  c.  of 
the  acid ;  and  that  instead  of  -^  eq.  grm.,  3*71  grm.  of  pearlash  have 
been  weighed  off. 

The  quantity  of  acid  added  was  48  c.  c. ;  the  excess  required  4*3  c.  c. 
of  soda  solution  for  neutralization.     The  proportion 

2*2  :  1  ::  4*3  :x;  a;=l-95 

shows  that  the  excess  of  acid  wasl*95  c.  c. ;  48  — 1*95     4605  c.  a  of  the 
acid  have  accordingly  been  consumed  by  the  pearlash.     The  proportion 

3*71  :  46*05 : :  6*91  {-^  eq.  KO,  CO,)  :  x;  aj=85-77 

shows  that  the  examined  pearlash  contains  85*77  per  cent,  of  the  pure 
carbonate. 

With  regard  to  certain  variations  from  the  ordinary  course  which  are 
occasionally  convenient,  comp.  p.  495. 

•  Annal  d.  Chem.  u.  Pharm.  86,  129.  f  Of  100  per  cent 


trmaui,  past. 


Tbere  iio»  stUl  remuii  two  queaiimis  lo  be  considered,  which  art  of 
importauiee  for  the  estimation  of  the  iL-nnnnRrciiil  vcthie  of  |>otafih  and  »o<k 
The  first  concema  the  BejiaratedeteniiiiJ^itiou  of  the  caustic  alkali,  whicb 
die  sample  under  eKamlnation  maj  <<>zitaiii  besides  the  carbonate ;  the 
seoond,  th«  detemuDatioa  of  carbon^Ltr  nf  soda  in  presence  of  carbomte 
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Al-XALI  MAT  CONTAIIT  BESIDE  THE  CaEBOBATB. 

Many  kinds  of  potashes  and  crude  soda,  more  eapecially  the  latter, 
contain,  besides  alkaline  cwbonate,  also  caustic  alkali;  and  the  clieu- 
irt  is  often  called  upon  to  determine  the  amoiint  of  the  latter ;  as  it  ia, 
for  instance,  hj  no  means  a  matter  of  iiidifl'crencc  to  the  iwap-lioilei 
koir  much  of  ttie  soda  is  supplied  to  him  already  in  the  caustic  state 
^niis  may  be  effected  as  follows : 

Weigh  off -j^eq.  grm,  substance;  of  potashes  accordingly,  20'73gnD,, 
of  soda  lb-9  grm, ;  dissolve  in  wat«r,  iu  a  flask  holding  300  c.  c,  Gllii|> 
to  the  mark,  shake,  allow^  the  fluid  to  deposit  out  of  contact  of  air,  and 
take  out  two  portions  of  100  c,  c.  each.  DeterniiiK)  in  the  one  portion 
the  total  quantity  of  the  carbonated  H.ud  caustic  alliali,  as  directed  i 
208  ;  the  Iiumber  of  c.  c.  of  normal  i^tcid  used  expri'SHes  the  amount  of 
caostic  alkali -f-alkaluie  carbonate,  in  pt'i'-ceuts.  of  the  latter.  Ti'susfer 
the  other  portion  to  a  measuring-flask  liuldiug  300  c.  e.,  add  100  c.  c.  u! 
water,  then  solution  of  chloride  of  bariiim  as  loug  as  a  precipitate  hrws, 
add  water  up  to  Uie  mark,  shake,  allow  to  deposit  out  of  contact  of  air,' 
measure  off  100  c.  c.  of  the  supernatant  clear  fluid— which  now  coiiUiM 
caustic  baryta  in  con'cHpoiiding  quant  iiv  tii  tln^  wiiisti''  rtlUnIi  present  in 
the  sample — add  some  tincture  of  cochineal,  then  normal  nitric  acid  (be* 
§  210),  to  acid  reactiou.  Neutiulize  the  excess  of  acid  by  nonnal  aoln- 
tion  of  Hodo,  and  you  will  find  the  c.  c.  of  normal  acid  that  have  been  i^ 
quired  by  the  caustic  baryta.  Multiply  this  by  3  (as  only  -J-  of  the  set 
ond  portion  has  been  employed  in  the  experiment) ;  the  result  gives  tli« 

gircentage  of  caustic  alkali,  expressed  as  carbonate  of  soda  or  potassa. 
educt  this  number  from  the  percentage  obtained  in  the  first  experi- 
ment ;  the  difference  gives  the  quantity  of  carbonate  of  potasaa  or  soda 
present  as  such.  To  calculate  the  caustic  alkali  into  the  anhydrous  or 
bydrated  state,  it  is  only  necessary  to  multiply  by  the  numbers  given  is 
the  first  method. 

D.   ESTIHATION  OF  CARBONATE   OF  SODA  IN  PRBS8NCB   OF  CaBBONATI 

or  Pot  ABBA. 

Soda  being  much  cheaper  than  potash,  is  occasionally  used  to  adulte^ 
at«  the  latter.  The  common  alkalimetric  methods  not  only  fiiil  to  de' 
tect  this  adulteration,  but  they  give  the  admixed  soda  as  carbonate  of 
potassa.  Many  processes!  have  been  proposed  for  estimating  in  a  Bim- 
ple  way  the  soda  contained  in  potash,  but  not  one  of  them  can  be  said 
to  satisfy  the  requirements  of  the  case. 

■  Filteriof;  through  a  di7  filter  cuiues  the  caustic  alkali  to  come  out  rather  toe 
tow,  OS  the  paper  retains  caustic  baryta  (A.  MitUei,  Joum,  1  prakt.  Chem.  93, 
884;  Zeitschritt  f.  analyt  C-pm.  1.  M\ 

I  Comp.  HonUwJrlerbuch  der  Chemie,  S  AdQ.  I.  443. 
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The  following  tolerably  expeditious  process,  however,  gives  accurate 
results: — Dissolve  6*25  grm.  of  the  gently  ignited  pearlash  in  water, 
filter  the  solution  into  a  quarter-litre  flask,  add  acetic  acid  in  slight  ex- 
cess, apply  a  gentle  heat  until  the  carbonic  acid  is  expelled,  then  add  to 
the  fluid,  while  still  hot,  acetate  of  lead,  drop  by  drop,  until  the  forma- 
tion of  a  precipitate  of  sulphate  of  lead  just  ceases  ;  allow  the  mixture 
to  cool,  add  water  iip  to  the  mark,  shake,  allow  to  deposit,  filter  through 
a  dry  filter,  and  transfer  200  c.  c.  of  the  filtrate,  corresponding  to  5  grm. 
of  pearlash,  to  a  |-litre  fiask.  Add  sulphuretted  hydrogen  water  up  to 
the  mark,  and  shake.  If  the  acetate  of  lead  has  been  carefully  added, 
the  fluid  will  now  smell  of  sulphuretted  hydrogen,  and  no  longer  con- 
tain lead  ;  in  the  contrary  case,  sulphiiretted  hydrogen  gas  must  be  con- 
ducted into  it.  After  the  sulphide  of  lead  has  subsided,  filter  through 
a  dry  filter.  Evaporate  50  c.  c.  of  the  filtrate  (corresponding  to  1  grm. 
of  pearlash)  with  addition  of  10  c.  c.  hydrochloric  acid,  of  1*10  sp.  gi*., 
in  a  weighed  platinum  dish,  to  diyness,  then  cover  the  dish,  hqat,  and 
weigh ;  the  weight  found  expresses  the  total  quantity  of  chloride  of 
potassium  and  chloride  of  sodium  given  by  1  grm.  of  the  pearlash. 
Estimate  the  potassa  and  soda  now  severally  in  the  indirect  way,  by 
determining  the  chlorine  volumetrically  (§  141,  I.,  b).  For  the  calcu- 
lation of  the  results,  see  §  197. 

4.   ESTIICATION  OF  ALKALINE  EaRTHS  BT  THE  AlKALIMETRIC  MeTHOD. 

§210. 

Alkaline  earths,  in  the  caustic  state  or  in  the  form  of  carbonates, 
may  also  be  estimated  by  means  of  a  standard  acid.  Standard  sul- 
phuric acid  may  be  used  for  the  estimation  of  magnesia ;  standard  nitric 
acid  for  that  of  baryta,  strontia,  and  lime.  To  prepare  1  litre  of  normal 
nitric  acid  you  require  a  pure  dilute  nitric  acid  of  about  1*04  sp.  gr., 
and  also  a  normal  soda  solution  (or  at  least  a  soda  solution  whose  i*e- 
lation  to  normal  sulphuric  acid  is  exactly  known). 

Fill  a  Mohr's  burette  with  the  nitric  acid,  measure  off  20  c.  c. ; 
color  with  tincture  of  cochineal  and  add  normal  solution  of  soda  from 
a  second  burette  to  alkaline  reaction.  Kepeat  the  expeiiment.  Sup- 
pose 20  c.  c.  of  the  acid  have  required  24  c.  c.  of  normal  soda  solution, 
add  to  every  20  volumes  of  the  acid  4  volumes  of  water.  For  the  pro- 
j)er  way  of  effecting  the  dilution,  see  p.  493  (Preparation  of  Normal  Sul- 
phuric Acid).  After  diluting,  measure  off  20  c.  c,  and  neutralize  with 
the  normal  solution  of  soda,  of  which  it  must  now  take  exactly  20  c.  c. 

It  will  be  well  to  verify  the  normal  nitric  acid  in  the  manner  direct- 
ed, p.  492. 

If  the  alkaline  earth  to  be  estimated  is  in  the  caustic  state,  weigh  off  a 
definite  quantity,  add  water,  then,  from  a  burette  normal  nitric  acid, 
until  solution  is  effected,  and  the  fluid,  colored  with  cochineal,  appears 
orange;  now  add  soda  solution  until  the  color  just  changes  to  violet ; 
deduct  the  soda  solution  added  from  the  acid,  and  calculate  by  the  pro- 
portion 

1000  (c.  c.)  :  the  number  of  c.  c.  of  acid  used 


76*5  (eq.  baryta),  51'75  (eq.  strontia),  28  (eq.  lime)  or  20  (eq.  magnesia) 
:  X  (grm.  of  baryta,  strontia,  lime,  or  magnesia). 
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Should  there  be  a  fiulure  the  first  time  in  detennixuxig  the  exact  poini 
at  which  the  fluids  turn  violet,  add  another  a  c.  of  the  aod,  and  then 
again  solution  of  soda  until  violet. 

In  the  case  of  carbonates  of  the  alkaline  earths,  heat  a  weighed  quan- 
tity of  the  sample,  in  a  flask,  with  water ;  then  add,  fix>m  tibe  burette 
small  portiofis  of  normal  nitric  acid.  When  solution  is  effected  and 
the  add  is  consequently  in  excess,  add  tincture  of  cochineal,  then  nor- 
mal soda  solution,  till  only  a  small  excess  of  acid  remains,  say  ^  or  1 
c.  c.  Heat  to  boiling,  shake  the  liquid,  and  continue  boiling  for  some 
minutes,  to  expel  the  carbonic  acid  completely  fi-om  the  fluid  and  flask ; 
finally  add  soda  until  juat  violet.  1000  c.  c.  of  the  normal  acid  corre- 
six>nd  to  98*5  grm.  carbonate  of  baryta,  73*75  grm.  carbonate  of  stron- 
tia,  50  grm.  carbonate  of  lime,  or  42  grm.  carbomite  of  magnesia. 

By  weighing  off  the  Vv  or  jig-  eq.  (H=.l)  grm.  of  the  caustic  or  CU' 
bonated  alkaline  earths,  the  necessity  of  a  calculation  of  the  results  it 
altogether  dispensed  with ;  in  the  former  case,  the  number  of  c  c^  in 
the  latter  that  of  half  c  c  used  of  the  normal  acid,  expresses  the  pe^ 
centage  required. 

5.  Chlorimxtby. 

§211. 

The  '^  chloride  of  lime,"  or  '^  bleaching  powder "  of  commerce,  ooii> 
tains  hypochlorite  of  lime,  chloride  of  ^dum,  and  hydrate  of  lime. 
The  two  latter  ingredients  are  for  the  most  part  combined  with  one 
another  to  basic  chloride  of  calckinL  In  freshly  prepared  and  perfectly 
normal  chloride  of  lime,  the  quantities  of  hypochlorite  of  lime  and 
chloride  of  calcium  present  stand  to  each  other  in  the  proportion  of 
theii  equivalents.  When  such  chloride  of  lime  is  brought  into  contact 
with  lilute  sulphuric  acid,  the  whole  of  the  chlorine  it  contains  is 
liberated  in  the  elementary  form,  in  accordance  with  the  following 
equation : — 

Ca  O,  CI  0  +  Ca  Cl+2  (H  O,  S  03)=2  (Ca  O,  S  03)  +  2  H  0+2  a 

On  keeping  chloride  of  lime,  however,  the  proportion  between  hypo- 
chlorite of  lime  and  chloride  of  calcium  gradually  changes — the  former 
decreases,  the  latter  increases.  Hence  from  this  cause  alone,  to  say 
nothing  of  original  diflerence,  tlie  commercial  article  is  not  of  uniform 
([uality,  and  on  treatment  with  acid  gives  sometimes  more  and  sometimes 
less  chlorine. 

As  the  value  of  this  article  depends  entirely  upon  the  amount  of 
chlorine  set  free  on  treatment  with  acid,  chemists  have  devised  various 
simple  methods  of  determining  the  available  amount  of  chlorine  in  any 
given  sample.  These  methods  have  collectively  received  the  name  of 
Chlorimetry.     We  describe  a  few  of  the  best. 

Preparation  of  the  Solution  op  Chloride  of  Lime. 

The  solution  is  prepared  alike  for  all  methods,  and  best  in  the  follow- 
ing manner : — 

Weigh  off  10  grm.,  triturate  finely  with  a  little  water,  add  gradually 
more  water,  pour  the  liquid  into  a  litre  flask,  triturate  the  residue 
again  with  wa'er,  and  rinse  the  contents  of  the  mortar  carefully  into 
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the  flask ;  fill  the  latter  to  the  mark,  shake  the  milky  fluid,  and  ex- 
amine it  at  once  in  that  state,  i.e.,  without  allowing  it  to  deposit ;  and 
every  time,  before  measuring  off"  a  fresh  portion,  shake  again.  The  re- 
sults obtained  with  this  turbid  solution  are  much  more  constant  and  cor- 
rect than  when,  as  is  usually  recommended,  the  fluid  is  allowed  to  de- 
posit, and  the  experiment  is  made  with  the  supernatant  clear  poi-tion 
alone.  The  truth  of  this  may  readily  be  proved  by  making  two  sepa- 
rate experiments,  one  with  the  decanted  clear  fluid,  and  the  other  with 
the  residuary  turbid  mixture.  Thus,  for  instance,  in  an  experiment 
made  in  my  own  laboratory,  the  decanted  clear  fluid  gave  22*6  of 
chlorine,  the  residuary  mixture  25*0,  the  uniformly  mixed  turbid  solu- 
tion 24-5. 

1  c.  c.  of  the  solution  of  chloride  of  lime  so  pi*epared  corresponds  to 
0.01  grm.  chloride  of  lime. 

A.   Penot's  Method.* 
§  212. 

This  method  is  based  upon  the  conversion  Qf  arsenious  acid  into 
arsenic  acid ;  the  conversion  is  effected  in  an  alkaline  solution.  Iodide 
of  potassium-starch  paper  is  employed  to  ascertain  the  exact  point  when 
the  reaction  is  completed. 

a.  JPreparation  of  the  Iodide  of  Potaaaiwni' Starch  Paper, 

The  follovidng  method  is  preferable  to  the  original  one  given  by  Pu- 
50t: — 

Stir  3  grm.  of  potato  starch  in  250  c.  c.  of  cold  water,  boil  witli 
stirring,  add  a  solution  of  1  grm.  iodide  of  potassium  and  1  grm. 
crystallized  carbonate  of  soda,  and  dilute  to  500  c.  c.  Moisten  strips 
of  fine  white  unsized  paper  with  this  fluid,  and  dry.  Keep  in  a  closed 
bottle. 

h,  Prepciration  of  the  Solution  of  Arsenums  Acid, 

Dissolve  4*436  grm.  of  pure  arsenious  acid  and  13  grm.  pure  crystal- 
lized carbonate  of  soda  in  600 — 700  c.  c.  water,  with  the  aid  of  heat, 
let  the  solution  cool,  and  then  dilute  to  1  litre.  Each  c.  c.  of  this  solu- 
tion contains  0*004436  grm.  arsenious  acid  wliich  corresponds  to  1  c.  c. 
chlorine  gas  of  0^  and  760  mm.  atmospheric  pressure.f 

As  arsenite  of  soda  in  alkaline  solution  is  liable,  when  expose^  to  * 
access  of  air,  to  be  giadually  converted  into  ai-seniate  of  soda,  Penot's 
solution  should  be  kept  in  small  bottles  with  glass  stoppers,  filled  to  the 
top,  and   a   fresh   bottle  used   for   every  new  series  of  experiments. 

♦  Bulletin  de  la  Societe  Industrlelle  de  Mulhoose,  1852,  No.  118. — ^Dingler's 
Polytech.  Journal,  127,  134. 

f  Penot  gives  the  quantity  of  arsenious  acid  as  4*44 ;  but  I  have  oorrected  this 
number  to  4*436,  in  accordance  with  the  now  received  equivalents  of  the  sub- 
stances and  specific  gravity  of  chlorine  gas — after  the  following  proportion :  — 
70-92  (2  eq.  chlorine)  :  99  (1  eq.  AsO,) ::  317768  (weight  of  1  litre  of  chlorine  gas) 
:  x;  :s-=4'486,  i.e.  the  quantity  of  arsenious  acid  which  1  litre  of  chlorine  gsiB 
converts  into  arsenic  acid. 

This  Bolntlon  is  arrange^l  to  suit  the  foreign  method  of  designating  the  strength 
of  chloride  of  lime — viz. ,  in  chlorimetrical  degrees  (each  degree  represents  1  litre 
chlorine  gas  at  0"*  and  760  mm.  pressure  in  a  kilogranune  of  the  substance).   This 
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According  to  Fi'.  MoiiR  *  tlie  solutiou  keeps  unufaiLDged,  if  the  a 
nious  acid  and    tlie  curbonat*  of  aoda  ai-e  both  almoluUlj/  ha 
oiidizalile  luutWrB  (BiiljiLide  of  arsenic,  siiljiliide  of  sodium,  sulphite  uf 

C  The  ProceM. 
Measure  o£F,  with  a  pipette,  50  c,  a  of  the  solution  of  chloride  of 
limu  prepared  according  to  the  dii-ections  of  g  ^11,  transfer  to  a  besker, 
and  from  a  GO  c.  c.  burette,  a<ld,  slowly,  and  at  last  drop  bj  drop,  the 
Bolutiou  of  arsenious  acid,  with  constant  stirring,  until  a  drop  of  the 
mixtura  pi-oducea  no  longer  a  blue-cotoi-ed  apot  on  the  iodized  paper; 
it  J8  very  easy  Xo  hit  the  jwint  exactly,  ae  the  gradually  iEci'Mfliug 
faintness  of  the  blue  spots  made  on  the  paper  by  the  fluid  dropped  nn 
it,  indicates  the  upj)roaeliing  tenuiuation  of  the  reaction,  and  wariu  tbe 
operator  to  confine  the  further  addition  of  the  solution  of  Bn>emnui 
acid  to  a  single  drop  at  a  time.  The  number  of  ^  c.  C.  used  indicnb^ 
directly  the  number  of  chlorimetrical  degrees  (see  note),  aa  tlie  follow- 
ing calculation  shows:  suppose  you  have  used  40  c.  c.  of  solution  of 
ar»eniouH  acid,  then  the  quantity  of  chloride  of  tune  used  in  the  experi- 
ment contains  40  c.  c.  of  chlorine  gas.  Now,  the  50  c.  c.  of  solution 
employed  correapond  to  0*5  grm.  of  chloride  of  lime ;  therefore  0-5 
grm.  of  chloride  of  lime  contain  4fl  c.  c.  chlorine  gas,  therefore  1000 
grm.  contain  80000  c.  c.  —  80  lili«s.  This  method  gives  very  conafant 
and  accurate  results,  and  appears  to  be  particularly  well  euited  for  use 
in  manufacturing  estabiiaUioeuts  where  there  is  no  objection,  on  tha 
score  of  danger,  to  the  employment  of  arsenioua  acid.     (ISxpt.  No.  99.) 

B.  Otto's  M«Aod. 
§213. 

The  principle  of  this  method  is  as  follows: — 

Two  eq.  protosulphate  of  iron,  when  brought  into  contact  with  chlo- 
rine, in  presence  of  water  and  free  sulphuric  scid,  gire  1  eq.  Beo- 
quisulphate  of  iron,  and  1  eq.  H  CI,  the  process  consoniing  I  eq. 
chlorine. 

2  {Fe  O,  8  O^  +  S  0,-|-H  0-|-Cl.=Fe,Oa  3  S  0,-|-H  CL 

2  eq>  crystallized  protosulphate  of  iron : — 

2  {Fe  O,  S  0„  H  O  f  6  aq.)=278 
correspond  to  3D'4G  of  chlorine,  or,  in  other  terms,  0*7839  grm.  cryetkl- 
lixed  protosulphate  of  iion  coiTeapond  to  0'  1  grm.  chlorine. 

The  protosulphate  of  u-on  i-equired  for  these  experiments  is  best  pre- 
pared as  follows : — 

Take  iron  nails,  free  from  rust,  and  dissolve  in  dilute  sulphuric  acid, 
applying  heat  in  the  last  stage  of  the  operation ;   filter  the  solution, 

method  was  proposed  by  Oay-LoBsao.  The  degieoB  may  readilj  bo  converted . 
into  per-oentg,  oni!  viet  ftrtd.  thus :  -  A  sample  of  chloride  of  limo  of  90°  contajiu 
»0x3-lTTG3~26S'&86gTm.  chlorine  in  1000 gim.  oi  38'6SinlOO;  andagamph 
containing'  34  2  per  cent.  cUorine.  is  of  lOT'S  ,  for  100  grm.  of  the  mbfltuioe  oon- 
tain  34  '2  grm.  cUorine  .  .  1000  grm.  of  the  Eabgtance  contain  342  grm.  chlorine, 
but  843  grm.  chlorine  =  ,:,S*,»-j  l"treB=l(K' 8  litres.  '.  1000  gnn.  of  the  si '  ' 
contain  107  6  litres  chlorine. 

*  His  Lehrbuch  der  Tltfiimethode,  2  Anfl.  S.  300. 
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still  hot,  into  about  twice  its  volume  of  spirit  of  wine.     The  precipitate 
consists  of 

FeO,  SOa-f  H0  +  6aq. 

Collect  upon  a  filter,  wash  with  spirit  of  wine,  spread  upon  a  sheet 
of  blotting  paper,  and  dry  in  the  air.  When  the  mass  smells  no  longer 
of  spirit  of  wine,  transfer  to  a  bottle  and  keep  this  well  corked.  In- 
stead of  protosulphate  of  iron,  sulphate  of  protoxide  of  iron  and  ammo- 
nia (p.  93)  may  be  used.  0*1  grm.  of  chlorine  oxidizes  1*1055  grm.  of 
this  double  sulphate. 

Th&  PtocesB. 

Dissolve  3*1356  grm.  (4  x '07839  grm.)  of  the  precipitated  protosul- 
phate of  iron,  or  4*422  grm.  (4  X  1*1055  gi*m.)  of  sulphate  of  protoxide  ol 
iron  and  ammonia,  with  addition  of  a  few  drops  of  dilute  sulphuric 
add,  in  water,  to  200  c.  c. ;  take  out,  with  a  pipette,  50  c.  c,  corre- 
sponding to  0*7839  grm.  protosulphate  of  iron,  or  1*1055  grm.  sulphate 
of  protoxide  of  iron  and  ammonia,  dilute  with  150 — 200  c.  c.  water, 
add  a  sufficiency  of  pure  hydrochloric  acid,  and  run  in  from  a  50  c.  c. 
burette  the  freshly  shaken  solution  of  chloride  of  lime,  prepared  accord- 
ing to  §  211,  until  the  protoxide  of  iron  is  completely  converted  into 
aesquioxide.  To  know  the  exact  point  when  the  oxidation  is  completed, 
place  a  number  of  drops  of  a  solution  of  ferricyanide  of  potassium  on  a 
plate,  and,  when  the  operation  is  drawing  to  an  end,  apply  some  of  the 
mixture  with  a  stirring-rod  to  one  of  the  drops  on  the  plate,  and  observe 
whether  it  produces  a  blue  precipitate;  repeat  the  experiment  after 
every  fresh  addition  of  two  drops  of  the  solution  of  choride  of  lime. 
When  the  mixture  no  longer  produces  a  blue  precipitate  in  the  solution 
of  ferricyanide  of  potassium  on  the  plate,  read  off  the  number  of  volumes 
used  of  the  solution  of  chloride  of  lime. 

The  amount  of  solution  of  chloride  of  lime  used  contained  0*1  grm. 
of  chlorine.  Suppose  40  c.  c.  have  been  used :  as  every  c.  c.  cori'e- 
sponds  to  0*01  grm.  of  chloride  of  lime,  the  percentage  by  weight  of 
available  chlorine  in  the  chloride  of  lime  is  found  by  the  following  pro- 
portion : — 

0*40  :  0*10::  100  ix\  x=25', 

or,  by  dividing  1000  by  the  number  of  c.  c.  used  of  the  solution  of  chlo- 
ride of  lime. 

This  method  also  gives  very  satisfactory  results,  provided  always 
that  the  salts  of  protoxide  of  iron  are  perfectly  dry  and  free  from  ses- 
quioxide. 

ModiJiccUion  of  the  preceding  Method, 

Instead  of  the  solution  of  protosulphate  of  iron,  a  solution  of  proto- 
chloride  of  ii'on,  prepared  by  dissolving  pianoforte  wire  in  hydrochloric 
acid  (according  to  p.  194,  oa),  may  be  used  with  the  best  results.  If 
0*6316  of  pui-e  metallic  iron,  t.e.,  0*6335  of  fine  pianoforte  wire  (which 
may  be  assumed  to  contain  99*7  per  cent,  of  iron),  are  dissolved  to  20 ) 
c  0.,  the  solution  so  prepared  contains  exactly  the  same  amount  of  iron 
as  the  solution  of  protosulphate  above  mentioned — that  is  to  say,  50 
c.  c.  of  it  correspond  to  0*1  grm.  chlorine.  But  as  it  is  inconvenient  to 
weigh  off  a  definite  quantity  of  iron  wire,  the  following  course  may  be 
pursued  in  preference:  weigh  off,  accurately,  about  0*15  grm.,  dissolve, 
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dilute  the  solution  to  about  200  e.  a,  oxidiaBe  t)be  iton  wilii  tlie  aolutioi 
of  chloride  of  lime,  prepared  according  to  the  direotiosiB  of  §  21 1,  and 
calculate  the  chlorine  by  the  proportion 

56 :  35*46 : :  the  quantity  of  iron  uaed :  »/ 

the  ss  found  corresponds  to  the  chlorine  contained  In  the  amount  uaed  of 
the  solution  of  chloride  of  lime*  This  calcula4aon  may  be  diapenaed  wiib 
by  the  application  of  the  following  formula^  in  whid^  the  oazbon  in  the 
pianoforte  wire  is  taken  into  account : — 

Multiply  the  weight  of  the  pianoforte  wire  by  6313,  and  divide  the 
product  by  the  number  of  c.  c  used  of  the  solution  of  chloride  of  lime : 
the  result  expresses  the  percentage  of  chlorine  by  weight. 

This  method  gives  very  good  results.  I  have  described  it  here  prin* 
cipally  because  it  dispenses  altogether  with  the  use  of  standard  fluids!  It 
is  therefore  particularly  well  adapted  for  occasional  examinaticms  of 
samples  of  chloride  of  lime,  and  also  by  way  of  oontroL  (See  Eni 
No.  99.) 

0.  Bunskn's  MuhocL 

Pour  10  c.  c.  of  the  solution  of  chloride  of  lime,  prepared  according  to 
the  directions  of  §  211  (containing  0*1  chloride  of  tims),  into  a  beaker, 
and  add  about  6  c.  c.  of  the  solution  of  iodide  of  potassium,  prepared 
according  to  p.  314,  a  (containing  0*j6  KI)  ;  dilute  the  mixture  with  about 
100  c.  c.  water,  acidify  with  hydrochloric  add,  and  determine  the  libera- 
ted iodine  as  directed  §  146.  As  1  eq.  iodine  corresponds  to  1  eq.  chlo- 
rine, the  calculation  is  easy.  This  metiiod  gives  excellent  results.  (Com- 
pare Expt.  No.  99.) 

6.  EZAUIKATIOII   OF  BlACK  OxiDE   OF  MaKOADESE. 

§  214. 

The  native  black  oxide  of  manganese  (as  also  the  regenerated  artifi- 
cial product)  is  a  mixture  of  binoxide  of  manganese  with  lower  oxides 
of  that  metal,  and  with  sesquioxide  of  iron,  clay,  &c. ;  it  also  invariably 
contains  moisture,  and  frequently  chemically  combined  water.  The  com- 
mercial value  of  the  article  depends  entirely  upon  the  amount  of  binoxide 
(or,  more  correctly  expressed,  of  available  oxygen)  which  it  contains. 
By  "  available  oxygen  "  we  understand  the  excess  of  oxygen  contained 
in  a  manganese,  over  the  1  eq.  combined  with  the  metal  to  protoxide ; 
upon  treating  the  ore  with  hydrochloric  acid,  an  amount  of  chlorine  is 
obtained  equivalent  to  this  excess  of  oxygen.  This  available  oxygen  is 
always  expressed  in  the  form  of  binoxide  of  manganese.  1  eq.  corre- 
sponds to  1  eq.  binoxide  of  manganese,  since  MnOjr=MnO+0. 

I.  Drying  the  Sample. 

All  analyses  of  manganese  proceed  of  course  upon  the  supposition  that 
the  sample  operated  upon  is  a  fair  average  specimen  of  the  ore.  A  portion 
of  a  tolerably  finely  powdered  average  sample  is  generally  sent  for  analysis 
to  the  chemist ;  in  the  case  of  new  lodes,  however,  a  number  of  samples, 
taken  from  different  parts  of  the  mine,  are  also  occasionally  sent.  If,  in 
the  latter  case,  the  average  composition  of  the  ore  is  to  be  ascertained,  and 
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not  simply  that  of  the  several  samples,  the  following  coui-se  must  be 
resorted  to  :  crush  the  several  samples  of  the  ore  in  an  iron  moi-tar 
to  coarse  powder,  and  pass  the  whole  of  this  through  a  rather  coarse  sieve. 
Mix  uniformly,  then  remove  a  sufficiently  large  portion  of  the  coai-se 
powder  with  a  spoon,  reduce  it  to  powder  in  a  steel  mortar,  passing  the 
whole  of  this  through  a  fine  sieve.  Mix  the  powder  obtained  by  this 
second  process  of  pulverization  most  intimately;  take  about  8 — 10  grm. 
^f  it,  and  triturate  this,  in  small  portions  at  a  time,  in  an  agate  mortar,  to 
an  impalpable  powder.  Average  samples  are  generally  already  suffici- 
ently fine  to  require  only  the  last  opei'ation. 

As  regards  the  temperature  at  which  the  powder  is  to  be  dried,  if  you 
desire  to  expel  the  whole  of  the  moisture  without  disturbing  any  of  the 
water  of  hydration,  the  temperature  adopted  must  be  120°  (this  is  the 
result  of  my  own ,  experiments,  see  Expt.  No.  100).  But,  as  there  ap- 
pears to  be  at  present  an  almost  universal  understanding  in  the  manga- 
nese trade,  to  limit  the  drjdng  temperature  to  100°,  the  fine  powder  is 
exposed,  in  a  shallow  copper  or  brass  pan,  for  6  hours,  to  the  tempera- 
ture of  boiling  water,  in  a  water-bath  (p.  37,  fig.  19). 

When  the  samples  have  been  dried,  they  are  introduced,  still  hot,  into 
glass  tubes  12 — 14  cm.  long,  and  8—10  mm.  wide,  sealed  at  one  en<^ 
these  tubes  are  then  corked  and  allowed  to  cool. 

In  laboratories  where  whole  series  of  analyses  of  dififei'ent  ores  are  of 
fi'squent  occurrence,  it  is  advisable  to  number  the  drying-pans  and  glass 
tubes,  and  to  transfer  the  samples  always  from  the  pan  to  the  tube  of 
the  corresponding  number. 

n.  Determination  of  the  Binoxide  of  Manganese. 

§  215. 

Of  the  many  methods  that  have  been  proposed  for  the  valuation  of 
manganese  ores,  I  select  three  as  the  most  expeditious  and  accurate. 
The  first  is  more  particularly  adapted  for  technical  purposes. 

A.  Fresenius  and  Will's  Method, 

a.  If  oxalic  acid  (or  an  oxalate)  is  brought  into  contact  with  binoxide 
of  manganese,  in  presence  of  water  and  excess  of  sulphuric  acid,  proto- 
«ulphate  of  manganese  is  formed,  and  carbonic  acid  evolved,  while  the 
oxygen,  which  we  may  assume  to  exist  in  the  binoxide  of  manganese  in 
combination  with  the  protoxide,  combines  with  the  elements  of  the  oxalic 
acid,  and  thus  converts  the  latter  into  carbonic  acid. 

Mn  Oj-f  SOg-f  CA=  Mn  O,  SOa-f  2  C  Oj. 

Each  equivalent  of  available  oxygen  or,  what  amounts  to  the  same, 
each  1  eq«  binoxide  of  manganese  =  43*5,  gives  2  eq.  carbonic  acid  =  44. 

h.  If  this  process  is  performed  in  a  weighed  apparatus  from  which 
nothing  except  the  evolved  carbonic  acid  can  escape,  and  which,  at  the 
3ame  time,  permits  the  complete  expulsion  of  that  acid,  the  diminution 
Df  weight  will  at  once  show  the  amount  of  carbonic  acid  which  has 
escaped,  and  consequently,  by  a  very  simple  calculation,  the  quantity  of 
binoxide  contained  in  the  analyzed  manganese  ore.  As  44  parts  by 
weight  of  carbonic  acid  correspond  to  43'5  of  binoxide  of  manganese^ 
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the  carbonic  acid  fonnd  need  simply  be  multiplied  by  43*5,  and  the  pio> 
duct  divided  by  44,  or  the  carbonic  acid  may  be  multiplied  bj 

^  =0-9887, 

44  ' 

to  find  the  corresponding  amount  of  binoxide  of  manganese. 

c  But  even  this  calculation  may  be  avoided  by  simply  using  in  the 
operation  the  exact  weight  of  ore  which,  if  the  latt«r  oonsiated  of  pure 
bmoxide,  would  give  100  parts  of  carbonic  acid. 

The  number  of  parts  evolved  of  carbonic  acid  expresses,  in  that  ciae^ 
directly  the  number  of  fiarts  of  binoxide  contained  in  100  parts  of  the 
analyzed  ore.  It  results  from  b  that  98*87  is  the  number  required. 
Suppose  the  experiment  is  made  with  0*9887  grm.  of  the  ore,  the  nun* 
ber  of  centigrammes  of  carbonic  acid  evolved  in  the  process  exprenei 
directly  the  percentage  of  binoxide  contained  in  the  analyxecT  manganese 
ore.  Now,  as  the  amount  of  carbonic  acid  evolved  from  0*9887  grm.  of 
manganese  would  be  rather  small  for  accurate  weighing,  it  is  advisable 
to  tf^e  a  multiple  of  this  weight,  and  to  divide  afterwards  the  number 
of  centigrammes  of  carbonic  acid  evolved  from  this  multiple  wei^t  bf 
the  same  number  by  which  the  unit  has  been  multiplied.  The  multiple 
wich  answers  the  purpose  best  for  superior  ores  is  the  triple,  ==  2*966; 
for  inferior  ores,  I  recommend  the  quadruple,  =  3*955,  or  the  quintuple, 
=  4-9435. 

The  analytical  process  is  performed  in 
the  apparatus  illustrated  in  fig.  100,  and 
which  has  been  described  already,  p.  289. 
The  flask  A  should  hold,  up  to  the 
neck,  about  120  c.c. ;  Jf  about  100  a  c 
The  latter  is  half  filled  with  sulphurie 
acid ;  the  tubo  a  is  closed  at  b  with  a 
little  wax  ball,  or  a  very  small  piece  of 
caoutchouc  tubing,  with  a  short  piece  of 
glass  rod  inserted  in  the  other  end. 

Place  2-9(>(>,  or  3955,  or  4*9435  grm.— 
according  to  the  quality  of  the  ore — ^in 
a  watch-glass,  and  tare  the  latter  most 
accurately  on  a  delicate  balance ;  then  re- 
move the  woight4s  from  the  watch-glass, 
and  replace  them  by  manganese  from  the 
tube,  very  cautiously,  with  the  aid  of  a 
gentle  tap  with  the  linger,  until  the  equi- 
Transfer  the  weighed  sample,  with  the  aid 


Pig.  100. 


librum  is  exactly  restored. 

of  a  card,  to  the  flask  A,  add  5 — 6  grm.  neutml  oxalate  of  soda,  or  about 
7*5  grm.  neutral  oxalate  of  potassa,  in  powder,  and  as  much  water  as 
will  fill  the  flask  to  about  one-third.  Insert  the  cork  into  A,  and  tare  the 
appai-jitus  on  a  strong  but  delicate  balance,  by  means  of  shot,  and  lastly 
tinfoil,  not  placed  directly  on  the  scale,  but  in  an  appropriate  vessel. 
The  tare  is  kei)t  under  a  glass  bell.  Try  whether  the  apparatus  closes 
^ir-tight  (see  p.  289).  Then  make  some  sulphuric  acid  flow  from  -5  into 
/I,  by  applying  suction  to  //,  by  means  of  a  caoutchouc  tube.  The  evolu- 
tion of  carbonic  acid  conmiences  immediately  in  a  steady  and  uniform 
manner.  Wlion  it  begins  to  slacken,  cause  a  fresh  portion  of  sulphuric 
acid  to  pass  into  yl,  and  repeat  this  until  the  manganese  ore  is  completely 
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decomposed,  whicL,  if  the  sample  has  been  veiy  finely  pulverized,  requires 
at  the  most  about  five  minutes.  The  complete  decomposition  of  the 
analyzed  ore  is  indicated,  on  the  one  hand,  by  the  cessation  of  the  dis- 
engagement of  carbonic  acid,  and  its  non-renewal  upon  the  infiux  of  a 
fresh  portion  of  sulphuric  acid  into  A  ;  and,  on  the  other  hand,  by  the 
total  disappearance  of  every  trace  of  black  powder,  from  the  bottom  of 
A* 

Now  cause  some  more  sulphuric  acid  to  pass  from  2?  into  A,  to  heat 
the  fluid  in  the  latter,  and  expel  the  last  traces  of  carbonic  acid  therein 
dissolved ;  remove  the  wax  stopper,  or  india-rubber  tube,  from  6,  and 
apply  gentle  suction  to  d  until  the  air  drawn  out  tastes  no  longer  of 
carbonic  acid.  Let  the  apparatus  cool  completely  in  the  air,  and  place 
it  on  the  balance,  with  the  tare  on  the  other  scale,  and  restore  equilibri- 
um. The  number  of  centigramme  weights  added,  divided  by  3,  4,  or  5, 
according  to  the  multiple  of  0*9887  grm.  used,  expresses  the  percentage 
of  binoxide  contained  in  the  analyzed  ore. 

In  experiments  made  with  definite  quantities  of  the  ore,  weighing 
in  an  ojjen  watch-glass  cannot  well  be  avoided,  and  the  dried  manganese 
13  thus  exposed  to  the  chance  of  a  reabsorption  of  water  from  the  air, 
which  of  course  tends  to  interfere,  to  however  so  trifling  an  extent, 
with  the  accuracy  of  the  results.  In  very  precise  experiments,  there- 
fore, the  best  way  is  to  analyze  an  indeterminate  quantity  of  the  ore, 
and  to  calculate  the  percentage  as  shown  above.  For  this  purpose,  one 
of  the  little  corked  tubes,  filled  with  the  dry  pulverized  ore,  is  accu- 
rately weighed,  and  about  3  to  5  grm.  (according  to  the  quality  of  the 
ore)  are  transferred  to  the  flask  A.  By  now  reweighing  the  tube,  the 
exact  quantity  of  ore  in  the  flask  is  ascertained.  To  facilitate  this 
operation,  it  is  advisable  to  scratch  on  the  tube,  with  a  tile,  marks  indi- 
cating, approximately,  the  various  quantities  which  may  be  required  for 
the  analysis,  according  to  the  quality  of  the  oi*e. 

With  proper  skill  and  patience  on  the  part  of  the  operator,  a  good 
balance  and  correct  weights,  this  method  gives  most  accurate  and  corre- 
sponding results,  differing  in  two  analyses  of  the  same  ore  barely  to  the 
extent  of  0**2  per  cent. 

If  the  results  of  two  assays  differ  by  more  than  0*2  per  cent.,  a  third 
experiment  should  be  made.  In  laboratories  where  analyses  of  manga- 
nese ores  are  matters  of  frequent  occurrence,  it  will  be  found  conveni- 
ent to  use  an  aspirator  for  sucking  out  the  carbonic  acid.  In  the  case 
of  very  moist  air,  the  error  which  proceeds  from  the  fact  that  the  water 
in  the  air  drawn  through  the  apparatus  is  retained,  and  which  is  usu- 
ally quite  inconsidei'able,  may  now  be  increased  to  an  important  extent. 
Under  such  circumstances,  connect  the  end  of  the  tube  b  with  a  chlo- 
ride of  calcium  tube  during  the  suction. 

Some  ores  of  manganese  contain  carbonates  of  the  alkaline  earthsj 
which  of  course  necessitates  a  modification  of  the  foregoing  process.  To 
ascertain  whether  carbonates  of  the  alkaline  earths  are  present,  boil  a 
sample  of  the  pulverized  ore  with  water,  and  add  nitric  acid.  If 
any  effervescence  takes  place,  the  process  is  modified  as  follows 
(RdHRf):— 

•If  the  manganese  ore  has  been  pulvorize.-l  in  an  iron  mortar,  a  few  black 
ipotB  (particles  of  iron  from  the  mortar)  will  often  remain  perceptible. 
f  ZeitAchrift  f .  analyt.  Chem.  1,  48. 
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• 

After  the  weighed  portion  of  ore  has  been  introduced  into  tlM 
flask  Ay  treat  it  with  water,  bo  that  the  flask  may  be  about  ^  fiill,  add 
a  few  drops  of  dilute  sulphuric  acid  (1  part,  by  weighty  sulphuric  acid, 
to  5  parts  water)  and  warm  with  agitation,  preferably  in  a  water  bath* 
After  some  time  dip  a  rod  in  and  test  whether  the  fluid  possesses  a 
strongly  acid  reaction.  If  it  does  not,  add  more  sulphuric  acid.  As 
soon  as  the  whole  of  the  carbonates  are  decomposed  by  continued  heat- 
ing of  the  acidified  fluid,  completely  neutralize  the  excess  of  acid  with 
soda  solution  free  from  carbonic  acid,  allow  to  cool,  add  the  usual 
quantity  of  oxalate  of  soda,  and  proceed  as  above. 

If  you  have  no  soda  solution  free  from  carbonic  acid  at  hand,  you 
may  place  the  oxalate  of  soda  or  oxalic  acid  (about  3  grm.)  in  a  small 
tube,  and  suspend  this  in  the  flask  A  by  means  of  a  thread  fiustened  by 
the  cork.  When  the  apparatus  is  tared,  and  you  have  satasfied  yourself 
that  it  is  air-tight,  release  the  thread  and  proceed  as  above. 

B.  Bunsen's  Method, 

Reduce  the  ore  to  the  very  finest  powder,  weigjh  off  about  0*4  gmL, 
introduce  this  into  the  small  flask  a,  illustrated  in  fig  59,  p.  308,  and 
pour  pure  fuming  hydrochloric  acid  over  it ;  conduct  the  process  ex- 
actly as  in  the  analysis  of  chromates.  Boil  until  the  ore  is  completely 
dissolved  and  all  the  chlorine  expelled,  which  is  effected  in  a  few  min- 
utes. Each  eq.  iodine  separated  corresponds  to  1  eq.  chlorine  evolved, 
and  accordingly  to  1  eq.  binoxide  of  manganese.  For  the  estimation  of 
the  separated  iodine,  the  method  §  146  may  be  employed.  Results 
most  accurate. 

0.  JEstimcUion  of  the  Sinoxide  of  Manganese  hy  mean»  of  Iron, 

Dissolve,  in  a  small  long>necked  flask,  placed  in  a  slanting  position, 
about  1  grm.  pianoforte  wire,  accurately  weighed,  in  moderately  con- 
centrated pure  hydrochloric  acid ;  weigh  off  about  0*6  gnn.  of  the  sam- 
ple of  manganese  ore  in  a  little  tube,  drop  this  into  the  flask,  with  its 
contents,  and  heat  cautiously  until  the  ore  is  dissolved.  1  eq.  binoxide 
of  manganese  converts  2  eq.  of  dissolved  iron  from  the  state  of  proto- 
to  that  of  sesquichloride.  When  complete  solution  has  taken  place, 
dilute  the  contents  of  the  flask  with  water,  allow  to  cool,  rinse  into  a 
beaker,  and  determine  the  iron  still  remaining  in  the  state  of  protochlo- 
ride  with  cliromate  of  potash  (p.  198).  Deduct  this  from  the  weight  of 
the  wire  employed  in  the  proc(*ss ;  the  difference  expresses  the  quantity 
of  iron  which  has  been  converted  by  the  oxygen  of  the  manganese  from 
protochloride  to  sesquichloride.*  This  difference  multiplied  by  *^* 
or  0*77G8,  gives  the  amount  of  binoxide  in  the  analyzed  ore.  This  me- 
thod also,  if  carefully  executed,  gives  very  accurate  I'esults.  If  you 
determine  the  excess  of  protochloride  of  iron  with  permanganate,  do 
not  forget  the  remarks  on  piige  198,  note. 

The  main  reason  why  this  method  is  less  suitable  for  industrial  use 
than  the  first  lies  in  the  fact,  that  the  analvst  must  work  with  much 
smaller  quantities  of  substance.    Hence  to  obtain  results  equally  acciirate 

*  In  veiy  precise  experiments,  the  weight  of  the  iron  must  be  multiplied  bj 
0*997,  since  pianoforte  wire  may  always  be  assumed  to  contain  about  O'OOu 
impurities. 
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with  those  yielded  by  A,  far  greater  nicety  in  weighing  and  manipulat* 
ing  is  required.  Instead  of  metallic  iron,  weighed  quantities  of  pure 
protosulphate  of  iron,  or  of  sulphate  of  protoxide  of  ii'on  and  ammonia, 
may  be  used. 

m.   ESTIICATION  OF  MoiSTURE   IN   MaNOANESE. 

§216. 

In  the  purchase  and  sale  of  manganese,  a  certain  proportion  of  moisture 
is  usually  assumed  to  be  present,  anS  often  a  percentt^e  is  fixed  within 
which  the  moisture  must  be  'confined.  In  estimating  the  moisture  the 
same  temperature  should  be  employed,  at  which  the  drying  for  the  pur- 
pose of  determining  the  binoxide  is  effected  (§  214,  I.). 

As  the  amount  of  moisture  in  an  ore  may  be  altered  by  the  operations 
of  crushing  and  pulverizing,  the  experiment  should  be  made  with  a  sample 
of  the  mineral  which  has  not  yet  been  subjected  to  these  processes.  Tlie 
drying  must  be  continued  until  no  further  diminution  of  weight  is  ob- 
served; at  100*,  this  takes  about  6  hours,  at  120*,  generally  only  1^ 
hours.  If  the  moisture  in  a  manganese  ore  is  not  to  be  estimated  on  the 
spot,  but  in  the  laboratory,  a  fair  average  sample  of  the  ore  should  be 
forwarded  to  the  chemist  in  a  strong,  perfectly  dry,  and  well-corked 
bottle. 

IV.   ESTIICATION  OP  THE   AMOUNT    OP    HYDROCHLORIC    AciD    REQUIRED 
FOB  THE   COMPLETE   DECOMPOSITION  OP  A  MaNOANESE. 

§217. 

Different  manganese  ores,  containing  the  same  amount  of  available 
oxygen,  or,  as  it  is  usually  expressed,  of  binoxide,  may  require  very  dif- 
ferent quantities  of  hydrochloric  acid  to  effect  their  decomposition  and 
solution,  so  as  to  give  an  amount  of  chlorine  corresponding  to  the  avail- 
able oxygen  in  them ; — thus,  an  ore  consisting  of  60  per  cent,  of  binoxide 
of  manganese  and  40  per  cent,  of  sand  and  clay,  requires  2  eq.  hydro- 
chloric acid  to  1  eq.  of  available  oxygen ;  whereas  an  equally  lich  ore 
containing  lower  oxides  of  manganese,  sesquioxide  of  iron,  or  carbonate 
of  lime  requires  a  much  larger  proportion  of  hydrochloric  acid. 

The  quantity  of  hydrochloric  acid  in  question  may  be  determined  by 
the  following  process : — 

Determine  the  strength  of  10  c.  c.  of  a  moderately  strong  hydrochloric 
acid  (of,  say,  1*10  sp.  gr.)  by  means  of  solution  of  sulphate  of  copper  and 
ammonia  (§  205).  Warm  10  c.  c.  of  the  same  acid  with  a  weighed 
quantity  (about  1  grm.)  of  the  manganese,  in  a  small  long-necked  flask, 
with  a  glass  tube,  about  3  feet  long,  fitted  into  the  neck.  Fix  the  flask 
in  a  position  that  the  tube  is  directed  obliqiiely  upwards,  and  then  gently 
heat  the  contents.  As  soon  as  the  manganese  is  decomposed,  apply  a 
somewhat  stronger  heat  for  a  short  time,  to  expel  the  chlorine  which  still 
remains  in  solution ;  but  carefully  tfvoid  continuing  the  application  of 
heat  longer  than  is  absolutely  necessary,  as  it  is  of  importance  to  guard 
against  the  slightest  loss  of  hydrochloric  acid.  Let  the  flask  cool,  dilute 
the  contents  witli  water,  and  determine  the  fi*ee  hydrochloric  acid  remain- 
ing by  solution  of  sulphate  of  copper  and  ammonia.  Deduct  the  quan- 
tity found  from  that  originally  added ;   the  difference   expi-esses  the 
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■mount  of  hydrochloric  acid  requii'ed  to  efftict  the  decomjKisition  of  tLe 
mmgwego  ore.  . 

7.  Analtbis  of  Common  Salt.  ■ 

§  218.  1 

I  wlect  this  example  to  nhow  how  to  analyze,  with  accnracy  and     i 
tolerable  exjiedition,  Halts  which,  with  a  predomiuant  principal  iiign?<iieiit, 
oontoin  ruiilII  quantities  of  other  substajices.  ' 

«.  Bediice  the  salt  by  tritunitioa  to  a  uitifonu  powder,  and  put  thii 
into  a  rtuj'pered  bottle. 

6i  Wt.>igh  off  10  grm.  of  the  powder,  and  dissolve  in  a  beaker  by  dip*' 
tion  witli  witter ;  filter  the  Bolution  into  a  {-litre  flask,  and  thorovighlv 
wash  the  small  residue  which  generally  remains.  Finally,  fill  tlie  fluk 
with  wat^r  up  to  the  mark,  and  shake  the  fluid. 

If  miiill  whit«  grains  of  sulphate  of  lime  are  left  on  dissolving  the  aelt, 
reduce  tliem  to  powder  in  a  mortar,  add  water,  lot  the  mixture  digssl  for 
Bome  tdniB,  dtnautt  tiie  ulnai*  !^ii]»'niatjint  fltiid  on  to  a  filter,  triturate  the 
nndisBOlved  deposit  again,  ^ulil  wutrr,  I'c,  and  rejieat  the  o[>eratioD  UDtil 
complete  solution  is  effected. 

c.  Ignite  and  weigh  the  dried  insoluble  remdne  of  &,  and  tal^ect  it  to 
a  qnalitative  examination,  more  eapecially  with  a  riow  to  aseartain  irhedwt 
it  is  perfectly  free  &om  siilphate  of  lime, 

d.  Of  the  solution  b,  measure  off  anooesmTelr  the  fiidlowing  qnuti- 
ties:— 

For  e.     GO  c.  0.  correiqtoncling  to  1  grm.  of  ocmmus}  salt^ 
"  /.  160  CO."-  S        «  "         " 

"ff.  IBOco.        "        •*  3        "  "         " 

«    A.    fiOcc        "        «  1        «  «         " 

«.  Determine  in  the  00  c.  c  measured  off,  the  chlorine  as  directed 
g  141,  I.,  o  or  6. 

f.  Determine  in  the  160  c.  c.  measured  off,  the  stdphwrie  add  u 
lirected  §  132,  L,  1. 

g.  Determine  in  the  160  c  c,  measured  off,  the  lime  and  maffneiia  as 
directed  p.  349,  29, 

h.  Mix  the  60  c.  c.  measured  off,  in  a  platinum  diah,  with  about  -^  c.  c. 
of  pure  concentrated  sulphuric  acid,  and  proceed  as  directed  §  98,  1. 
The  neutral  residue  contains  the  sulphates  of  soda,  lime,  and  magnesia. 
,  Deduct  from  this  the  quantity  of  the  two  latter  substances  as  resulting 
from  ff ;  the  remainder  is  sulphate  of  goda. 

i.  Determine  in  another  weighed  portion  of  the  salt,  the  water  as 
directed  g  36,  a,  a,  at  the  end. 

k.  Bromine  and  other  bodies,  of  which  only  very  minute  traces  aie 
found  in  coomion  salt,  are  determined  by  the  metiiods  described  in 
Parti. 

8.  AHALTBIB  op  GlIlIPOWDKB.f 


Qunpowder,  as  is  well  known,  consists  of  nitre,  sulphur,  and  Qbar. 

*  As  regards  the  determinstioD  of  the  sp.  gr.  of  gunpowder,  I  refer  to  Heeien*! 
papor  on  the  subject,  in  Mittbeilungen  des  GewerbeTereins  fiir  HaonoveT,  185fi, 
108-178;  Polyt.  CentnJbL  ISGO,  lllS. 
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coal,  and,  in  the  ordinary  condition,  invariably  contains  a  small  quantity 
of  moisture.  The  analysis  is  frequently  confined  to  the  determination 
of  the  three  constituents  and  the  moisture,  but  often  the  examination  is 
extended  to  the  nature  of  the  charcoal,  and  the  carbon,  hydrogen,  oxy- 
gen, and  ash  therein  are  estimated. 

a.  DetermincUion  of  the  Moisture, 

Weigh  2 — 3  grm.  of  the  substance  (not  reduced  to  powder)  between 
two  well-fitting  watch-glasses,  and  dry  in  the  desiccator,  or  at  a  gentle 
heat,  not  exceeding  60°,  till  the  weight  remains  constant. 

6.  Determination  of  the  Nitre, 

Place  an  accurately  weighed  quantity  (about  6  grm.)  on  a  filter,  mois- 
tened with  water ;  saturate  with  water,  and,  after  some  time,  repeatedly 
j)our  small  quantities  of  hot  water  upon  it  until  the  nitrate  of  potassa  is 
completely  extracted.  Receive  the  first  filtrate  in  a  small  weighed  pla- 
tinum dish,  the  washings  in  a  beaker  or  small  fiask.  Evaporate  the  con- 
tents of  the  platinum  dish  cautiously,  adding  the  washings  from  time  to 
time,  heat  the  residue  cautiously  to  incipient  fusion,  and  weigh  it.  * 

c.  Determination  of  tlie  Svlphwr, 

Oxidize  2 — 3  grm.  of  the  powder  with  pure  concentrated  nitric  acid 
and  chlorate  of  potash,  the  latter  being  added  in  small  portions,  while 
the  fluid  is  maintained  in  gentle  ebullition.  If  the  operation  is  contin- 
ued long  enough,  it  usually  happens  that  both  the  charcoal  and  sulphur 
are  fully  oxidized,  and  a  clear  solution  is  finally  obtained.  Evaporate 
with  excess  of  pure  hydrochloric  acid  on  a  water-bath  to  dryness,  filter, 
if  undissolved  charcoal  should  render  it  necessary,  and  determine  the 
sulphuric  acid  after  §  132,  I.,  1. 

d.  Determination  of  the  Cha/rcoal, 

Digest  a  weighed  portion  of  the  powder  repeatedly  with  sulphide  of 
ammonium,  till  all  sulphur  is  dissolved,  collect  the  charcoal  on  a  filter 
dried  at  100®,  wash  it  first  with  water  containing  sulphide  of  ammoni- 
um, then  with  pure  water,  dry  at  100*^,  and  weigh. 

The  charcoal  so  obtained  must,  under  all  circumstances,  be  tested  for 
sulphur  by  the  method  given  under  c,  and  if  occasion  require,  the  sul- 
phur must  be  determined  in  an  aliquot  part.  The  charcoal  may  also  be 
examined  as  regards  its  behavior  to  potash  solution  (in  which  **red  char- 
coal "  f  is  partially  soluble)  and  an  aliquot  part  may  be  subjected  to  ele- 
mentary analysis  according  to  §  178.  For  this  latter  purpose  take  a 
portion  of  the  charcoal  dried  at  100°,  and  dry  at  190°  (Weltzien).  If 
the  charcoal,  on  this  second  drying,  suff'ers  a  diminution  of  weight,  cal- 
stdate  the  latter  into  per-cents  of  the  gunpowder,  deduct  it  from  the 
charcoal,  and  add  it  to  the  moisture. 

*  The  nitrate  of  potassa  may  also  be  estimated  in  an  expeditious  manner,  and 
with  sufficient  accuracy  for  technical  purposes,  by  means  of  a  hydrometer,  which 
is  constructed  to  iDdicate  the  percentage  of  this  ingredient  when  floated  in  water 
containing  a  certain  proportion  of  gunpowder  in  solution.  A  method  based  upon 
the  same  principle,  proposed  by  Uchatius.  is  given  in  the  Wiener  akad  Ber.  X 
748 ;  also  Ann.  d.  Chem.  und  Pharm.  88,  395. 

f  Incompletely  carbonized  wood. 
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9.  i\NALYSI8  OF  NATIVE  AND,  MORE  PABTICULARLT,  OF  MiZED  SlLlCAIBL.* 

§220. 

The  analysis  of  silicates  which  are  completely  deoomposed  hj  tddi 
has  been  described  in  §  140,  IL,  a;  and  that  of  silicates  which  are  not 
decomposed  by  acids,  in  g  140,  II.,  b.  1  have  therefore  here  only  to  add 
a  few  remarks  respecting  the  examination  of  mixed  silicates,  i^  ofsiidi 
as  are  composed  of  silicates  of  the  two  classes  (phonolites^  clay-slite^ 
Il>a8alts,  meteoric  stones,  dbc.). 

After  the  silicate  has  been  very  finely  puWerized  and  dried  at  100" 
it  is  usually  treated  for  some  time,  at  a  gentle  heat,  with  modentelf 
concentrated  hydrochloric  acid,  evaporated  to  diyness  on  the  water4MUl^ 
the  residue  moistened  with  hydrochloric  add,  water  added,  and  the  sohi- 
tion  filtered ;  it  is  often  preferable,  however,  to  digest  the  powder  wiUi 
dilute  hydrochloric  acid  (of  about  15  per  cent.)  for  some  days  at  a  gen- 
tle heat,  and  then  at  once  filter  the  solution.  Which  of  the  two  waji 
it  is  advisable  to  adopt,  and  indeed  whether  the  method  here  described 
(which  was  first  employed  by  Chr.  Gmelik  in  the  analysis  of  phonolites), 
may  be  resorted  to,  depends  upon  the  nature  of  the  mixed  minerals. 
The  more  readily  decomposable  the  one  of  the  constituent  parts  of  the 
mixture  is,  and  the  less  readily  decomposable  the  other,  the  more  con- 
stant the  proportion  between  the  undissolved  and  the  dissolved  part  ii 
found  to  remain  in  different  experiments ;  in  other  word%  the  less  the 
.undissolved  part  is  affected  by  further  treatment  with  hydrochlorie  acid, 
the  more  safely  may  this  method  of  decomposition  be  resorted  to. 

The  process  gives : — 

a.  A  hydrochloric  add  ttolutianj  containing,  besides  a  little  siHcio 
acid,  the  bases  of  the  decomposed  silicate  in  the  form  of  metallic  chh> 
rides,  which  are  separated  and  determined  by  the  proper  methods. 

b.  An  insohihle  resuiue^  which  contains,  besides  the  undecomposed 
silicate,  the  8ei)aratecl  silicic  acid  of  the  decomposed  silicate. 

After  the  latter  has  b(»en  well  washed  with  water,  to  which  a  few 
drops  of  hydrochloric  acid  have  been  added,  transfer  it,  still  moist,  in 
small  portions  at  a  time,  to  a  boiling  solution  of  carbonate  of  soda  (free 
from  silicic  acid)  contained  in  a  platinum  dish ;  boil  for  some  time,  and 
filter  off  each  time,  still  very  hot,  through  a  weighed  filter.  Finally, 
rinse  the  last  particles  of  the  residue  which  still  adhere  to  the  filter  com- 
pletely into  the  dish,  and  j)roceed  as  before.  Should  this  operation  not 
fully  succeed,  dry  and  incinerate  the  filter,  transfer  the  ash  to  the  pla- 
tinum dish,  and  boil  repeatedly  with  the  solution  of  carbonate  of  soda 
till  a  few  drops  of  the  fluid  finally  passing  through  the  filter  remain 
clear  on  warming  with  excess  of  cliloride  of  ammonium.  Wash  the 
residue,  first  with  hot  water,  then — to  insure  the  removal  of  every  trace 
of  carbonate  of  soda  which  may  still  adhere  to  it — with  water  slightly 
acidified  with  hydrochloric  acid,  and  finally  again  with  pure  water. 
Collect  tlie  washings  in  a  separate  vessel  (H.  Rose). 

Acidify  the  alkaline  filtrate  with  hydrochloric  acid,  and  determine  in 
it  the  silicic  acid  which  belongs  to  the  silicate  decomposed  by  hydro- 
chloric acid,  as  dii-ected  §  140,  II.,  a.     Dry  the  undissolved  silicate  at 

*  Comp.  QuaL  AnaL  §§  205-208.  The  quantitative  analysis  must  always  be 
preceded  by  a  minute  and  comprehensive  qualitative  analysis. 


§  220.]  ANALYSIS   OP  NATIVE   SILICATES.  517 

t 

100°,  and  weigh.     The  difference  gives  the  quantity  of  the  dissolved 
lilicate.     Treat   the   undissolved   silicate   exactly   as   directed   §    140, 

n.,  6, 

Silicates  dried  at  100°  occasionally  contain  water.  This  is  determined 
by  taking  a  weighed  poi*tion  of  the  mixed  silicate  dried  at  100°  and 
Igniting  in  a  platinum  crucible,  or — in  presence  of  carbon  or  protoxide 
of  iron — ^in  a  tube,  through  which  a  stream  of  dry  air  is  drawn,  the 
moisture  expelled  from  the  substance  being  i-etained  by  a  weighed  chlo- 
ride of  calcium  tube.  To  ascertain  whether  the  water  thus  expelled 
proceeds  from  the  silicate  decomposable  by  hydrochloric  acid,  or  from 
that  which  hydrochloric  acid  fails  to  decompose,  a  sample  of  the  latter, 
dried  at  100°,  is  also  ignited  in  the  same  manner.  Suppose,  for  instance, 
the  mixed  silicate  under  examination  consists  of  50  per  cent,  of  silicate 
decomposed  by  hydrochloric  acid,  and  50  per  cent,  of  silicate  which 
hydrochloric  acid  fails  to  decompose ;  and  that  the  latter  contains  47 
parts  of  anhydrous  substance,  and  3  parts  of  water ;  the  determination 
of  the  water  would  give,  for  the  mi?^ed  silicate  3  per  cent.,  for  the  por- 
tion not  decomposed  by  hydrochloric  acid  6  per  cent.  Now,  as  3  bears 
the  same  proportion  to  6  as  the  undecomposed  silicate  (50  per  cent.) 
bears  to  the  mixed  silicate  (100  per  cent.),  it  is  clear  that  the  silicate 
decomposed  by  hydrochloric  acid  gives  no  water  upon  ignition. 

If  the  escaping  aqueous  vapoi-s  manifest  acid  reaction,  owing  to  dis- 
engagement of  hydrochloric  acid  or  Jltwride  of  silicon ^wlx  the  substance 
with  6  parts  of  finely  tritiirated  recently  ignited  oxide  of  lead  in  a  small 
retort,  weigh,  ignite,  and  weigh  again.  If  the  water  passing  over  still 
manifests  acid  reaction,  connect  the  retort  with  a  small  receiver  contain- 
ing water,  and  determine  the  hydro fiuosilicic  acid  in  the  latter,  after  the 
termination  of  the  process.  According  to  Sainte-Claire  Deville  and 
FoDQUfi,*  by  properly  conducting  the  ignition  the  water  may  usually  be 
expelled  free  from  combinations  of  fluorine,  since  the  latter  require  a 
far  higher  temperature  for  expulsion  than  the  former  requires.  After 
the  water  has  been  driven  off  the  fluorine  is  then  expelled  by  stronger 
ignition,  either  as  alkaline  metallic  fluoride  or  as  fluoride  of  silicon. 

The  undecomposed  part  of  a  mixed  silicate  occasionally  contains  car' 
bonaceoua  organic  matter^  in  which  case  it  is  the  safest  way  to  treat  an 
aliquot  part  of  it  in  a  current  of  oxygen  gas,  and  weigh  the  carbonic 
acid  produced  (§  178).  According  to  Delesse,  traces  of  nitrogen  are 
almost  invariably  present  in  the  organic  matter  contained  in  silicates. 

Silicates  often  contain  admixtures  of  other  minerals  (magnetite,  pyrites, 
apatite,  carbonate  of  lime,  (fee.)  which  may  sometimes  be  detected  by  the 
naked  eye  or  with  the  aid  of  a  magnifying  glass.  It  would  be  rather  a 
diflicult  undertaking  to  devise  a  generally  applicable  method  for  cases 
of  this  description;  I  therefore  simply  remark  that  it  is  occasionally 
found  advantageous  to  treat  the  substence  first  with  acetic  acid,  before 
subjecting  it  to  the  action  of  hydrochloric  acid ;  this  will  more  especially 
effect,  without  the  least  difficulty,  the  separation  of  the  carbonates  of  the 
alkaline  earths.  As  examples  of  complete  examinations  of  this  kind  I 
may  cite  some  analyses  by  Dollfuss  and  Neubauer,!  which  were  made 
ID  my  laboratory. 

If  8vlphide8  are  present,  determine  the  sulphur  by  one  of  the  methoaa 


•  Compt.  rend.  38,  317;  Joum.  f.  prakt.  Chem.  62,  78. 
f  Joum.  f.  prakt.  Chem.  65,  199. 
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§  148,  ni,  J.*  Afii'egHiils  the  luftliodB  in  the  wet  way,  it  must  b* 
in  miiid,  tluu  u'ii.-ii  buryta,  Htixintiii,  or  Lead  is  preheat,  a  portiou 
of  the  sulphuiio  acid  [nodiiteil  reniaine  in  the  insoluble  residue;  on  fu&ion 
wiUi  klkiiline  carbonHi'-  and  nitrate  this  ia  not  the  caee.  If,  hesidex 
mldiide,  a  wulphate  ts  \  >i'>-nent,  ddtennino  the  sulphuric  acid  of  the  la,ttcr, 
bytmiliiigaBepBrat«'  |H>rtiiiii  of  thu  substance  with  a  solution  of  carbonate 
of  potash  or  soda  liu'  u  long  time,  filtering,  acidifying  the  filtrate,  and 
|)recipitating  with  clil.Mi<l.'  i>f  barium.  'Hie  sulphuric  acid  thus  obtaiix/d 
'  u  deducted  from  the  quantity  obtained  after  treatment  wiA  oxidizii^ 
^^enta,  and  the  remainder  correspondB  with  iha  mlphnr  in  tito  >iil|ihide. 

The  protoxide  of  iron  may  be  oonTenientij  determined  bj  Cooke's 
jn^>oen  {p.  369). 

If  Bilioatee  contain  small  quantitaee  of  tUanie  add,  as  ia  retr  frequently 
the  caae,  can  must  be  taken  not  to  overlook  this  aduuxtvre:  If  tfae  silicic 
acid  haa  been  separated  by  eT^>oration  witli  h^drodiloric  acid — ^whether 
jneoeded  txc  not  oy  decomposition  iridi  carbonated  alkali — and  the  en- ' 
poration  haa  been  effected  on  tiie  watei-batii,  and  Hm  iry  maaa  haa  been 
treated  with  a  anffident  quantity  of  h^droohloiio  aoid,  the  titanio  add, 
w  at  least  by  fiu:  the  greater  part  of  it,  is  fbnnd  in  the  hydrochloric  acid 
solution. 

Hie  separated  silica  may  be  tested  for  titanic  acid,  as  follows  i—Trtai 
in  a  platinum  dish  with  hydrofluoric  acid  and  a  littie  sulphuric  aad, 
evaporate,  fiise  the  residue  with  bisulphate  of  potash,  disaolTe  in  cold 
water,  filter  if  necessary,  and  separate  the  titanic  add  fiom  the  ra^uiic 
add  solution  by  the  method  given  8  107. 

As  r^jards  tiie  tit*nic  add  contained  in  the  hydnx^loric  moid  scdntioa 
filtered  from  the  silidc  acid,  it  is  predpitated  witli  iho  aeeqnundde  of 
iron  and  alumina,  when  ammonia  is  added  (§  161, 3).  la  this  precqntate 
it  may  be  determined  eitlmr  (a)  by  igniting  the  precipitate  in  hydrogen, 
extracting  the  reduced  iron  by  digestion  with  dilute  hydrochloric  acid, 
fusing  the  residue  with  bisulphate  of  potash,  taking  up  with  cold  water, 
And  precipitating  the  titanic  acid  by  boiling  (§  107)  or  (£)  by  fusing  the 
precipitate  at  once  with  bisnlpbate  of  potash,  dissolving  in  cold  water, 
neutralizing  the  solution  as  nearly  as  possible  with  carbonate  of  aoda, 
diluting  with  water,  so  that  not  more  than  O'l  grm.  of  the  oxides  may 
be  contained  in  50  c.  c,  adding  to  the  cold  solution  hyposulphite  of  soda 
in  slight  excess,  waiting  till  the  fiuid,  which  was  at  first  violet,  has 
become  quite  colorless,  and  consequently  the  whole  of  the  sesquioxide 
of  iron  is  reduced,  boiling  till  sulphurous  acid  ceases  to  be  disengaged, 
filtering,  washing  the  precipitate  with  boiling  water,  drying,  gently 
igniting  in  a  covered  porcelain  crudble,  to  expel  sulphur,  then  taking 
the  lid  off  and  increasing  the  heat;  we  thus  obtain  the  alumina 
(ChancelI)  and  the  titanic  acid  (A.  SrBOUEYERt)  together,  free  from 
sesquioxide  of  iron;  they  are  separated  by  the  method  above  given. 

10.  Ahaltsib  of  Lihestohbs,  Dolomites,  Habls,  &c. 

As  tbe  minerals  containing  carbonate  of  lime  and  carbonate  of  mi^- 
nesia  play  a  very  important  part  in  manufactures  and  agriculture,  the 

*  The  nethodii  in  the  wet  way  would  as  a  rule  be  preferable, 
t  Compt  rend.  46,  Of  7  ;  Annal.  a.  Chem,  n.  Pbann.  108,  237. 

t  AnnaL  d.  Chem.  u.  Pharm.  113,  1S7. 
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chemist  is  often  called  upon  to  analyze  them.  The  anal3rtical  process 
differs  according  to  the  different  object  in  view.  For  technical  purposes, 
it  is  sufficient  to  determine  the  principal  constituents ;  the  geologist  takes 
an  interest  also  in  the  matter  present  in  smaller  proportions  ;  wliilst  thi 
agricultural  chemist  seeks  a  knowledge  not  only  of  the  constituents,  but 
also  of  the  state  of  solubility,  in  diHerent  menstrua,  in  which  they  are 
aeyerally  present. 

I  will  give,  in  the  first  place,  a  process  for  effecting  a  complete  and 
accurate  iuialysis ;  and,  in  the  second  place,  the  volumetiic  methods  by 
which  the  carbonate  of  lime  (and  the  carbonate  of  magnesia)  may  be 
determined.  An  accurate  qualitative  examination  should  always  pre- 
cede the  quantitative  analysis. 

A.  Method*  op  Effecting  the  Complete  Analysis, 

§221. 

a.  Keduce  a  large  piece  of  the  mineral  to  powder,  mix  this  uniformly, 
and  dry  at  100°. 

b.  Treat  about  2  grm.,  in  a  covered  beaker,  with  dilute  hydrochloric 
acid  in  excess,  evaporate  to  dryness  in  a  platinum  or  porcelain  dish, 
moisten  the  residue  with  hydrochloric  acid,  heat  with  water,  filter  on  a 
dried  and  weighed  filter,  wash  the  insoluble  residue,  dry  at  100°,  and 
weigh.  It  generally  consists  of  separated  »Uicic  acid,  day,  and  sand  : 
but  it  often  contains  also  humii84ike  matter.  Opportunity  will  be  afforded 
in  g  for  examining  this  residue. 

c.  Mix  the  hydrochloric  acid  solution  with  chlorine  water,  then  with 
ammonia  in  slight  excess,  and  let  the  mixture  stand  at  rest  for  some 
time,  in  a  covered  vessel,  at  a  gentle  heat.  Filter  off  the  precipitate, 
which  contains — besides  the  hydrates  of  sesquioxide  of  iron,  sesquioxide 
of  manganese,  and  alumina— the  phosphoric  acid  which  the  analyzed 
compound  may  contain,  and,  moreover,  invariably  traces  of  lime  and 
magnesia ;  wash  slightly,  and  redissolve  in  hydrochloric  acid  ;  heat  the 
solution,  add  chlorine  water,  and  then  precipitate  again  with  ammonia ; 
filter  off  the  precipitate,  wash,  dry,  ignite,  and  weigh. 

For  the  estimation  of  the  several  components  of  the  precipitates,  vizw, 
sesquioxide  of  iron,  protosesquioxide  of  manganese,  alwmina,  and  phoS" 
pharic  acid,  opportunity  will  be  afforded  in  g. 

d.  Unite  the  fluids  filtered  from  the  first  and  second  precipitates  pro- 
duced by  ammonia,  and  determine  the  lime  and  magnesia  as  directed  § 

164,6(29).. 

e.  If  the  limestone  dried  at  100°  still  gives  water  upon  ignition,  this 

is  estimated  best  as  directed  §  36. 

^.  If  the  limestone  contains  no  other  volatile  constituents  besides 
water  and  carbonic  acid,  ignite  with  fused  borax  (p.  288,  c),  and  sub- 
tract from  the  loss  of  weight  suffered,  the  water  found  in  e ;  the  differ- 
ence is  the  carbonic  add.  If  this  method  is  inapplicable,  determine  the 
carbonic  acid  as  directed  p.  290,  bb,  or  291,  cc,  or  as  on  p.  293,  e. 

g.  To  effect  the  estimation  of  the  constituents  present  in  smaller  pro- 
portion, as  well  as  the  analysis  of  the  residue  insoluble  in  hydrochloric 
acid,  and  of  the  precipitate  produced  by  ammonia,  dissolve  20 — 50  grm. 
of  the  mineral  in  hydrochloric  acid.  As  the  evaporation  to  dryness  of 
large  quantities  of  fluid  is  always  a  tedious  operation,  gently  heat  the 


I. 
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Bolution  for  some  time,  to  expel  the  carbonic  acid ;  then  filter  through  8 
weighed  filter  into  a  litre  flask,  wash  the  residue,  dry,  and  weigh  it. 
(The  weight  will  not  quite  agree  with  that  of  the  residue  in  6,  as  the 
latter  contains  also  that  part  of  the  silicic  acid  which  here  still  remains 
in  solution.) 

a.  Analysis  of  the  insoluble  Residue, 

aa.  Treat  a  portion  with  boiling  solution  of  pure  carbonate  of  soda 
(§  220,  6),  and  separate  the  silicic  acid  from  the  soliition  (§  140,  II.,  a) ; 
this  process  gives  the  quantity  of  that  portion  of  the  silicic  acid  con- 
tained in  the  residue,  which  is  soluble  in  alkalies, 

bb.  Treat  another  poi-tion,  by  the  usual  process  for  silicates  (§  140, 
TI.,  &),  and  deduct  from  the  silicic  acid  found,  the  amount  obtained  in  aa. 
cc.  If  the  residue  contains  organic  matter  (humus),  determine,  in  a 
ortion,  the  carbon  by  the  method  of  ultimate  analysis  (p.  430,  6). 
*ETZHOLDT,*  who  determined  by  this  method  the  coloring  organic  mat- 
ter of  several  dolomites,  assumes  that  58  parts  of  carbon  correspond  to 
100  parts  of  organic  substance  (humic  acid). 

dd.  If  the  i-esidue  contains  pyrites,\  fuse  another  portion  of  it  with 
carbonate  of  soda  and  nitrate  of  potassa ;  macerate  in  water,  add  hydro- 
chloric add,  evaporate  to  dryness,  moisten  with  hydrochloric  acid,  gently 
heat  with  water,  filter,  detei-mine  the  sulphuric  acid  in  the  filtrate,  and 
calculate  from  the  result  the  amount  of  pyrites  present.J 

/3.  Analysis  of  the  Hydrochloric  Acid  Solution. 

Make  the  solution  up  to  1  litre. 

aa.  For  the  determination  of  the  sUicic  acid  that  has  passed  into  solu- 
tion, and  of  the  baryta,  strontia,  alumina,  manganese,  iron,  and  phos- 
phoric acid,  evaporate  500  c,  c,  and  diy  the  residue  at  100 — 110°.  Treat 
the  dry  mass,  in  order  to  separate  silicic  acid,  <tc.  (precipitate  I.),  with 
liydrochloiic  acid  and  water,  boil  the  solution  with  nitric  acid,  add  am- 
monia, boil  till  the  excess  of  ammonia  has  escaped,  filter,  wash  sUghtly, 
dissolve  on  tlie  filter  with  hydrochloric  acid,  reprecipitate  in  the  same 
manner  with  ammonia,  and  filter  ofi*  precipitate  II.,  which  contains 
sesquioxide  of  iron,  «fcc.  Digest  the  united  filtrates  in  a  nearly  filled 
and  closed  fiask  with  sul})hide  of  ammonium  in  a  slightly  warm  place 
for  24  hours,  then  filter  ofi  i)recipitate  III.  This  consists  principally  of 
sulphide  of  luaiigaiiese  ;  it  is  to  be  washed  with  water  containing  sul- 
phide of  Hiunionium.  Precipitate  the  filtrate  with  carbonate  of  anmio- 
iiia  and  ammonia,  allow  to  stand  24  hours,  and  then  filter  ofi' precipitate 
IV.,  which  consists  for  the  most  part  of  carbonate  of  lime,  and  is  to  be 
washed  with  water  containing  ammonia.  Evaporate  the  filtrate  in  a 
porcelain  dish  to  diyness,  project  the  residue,  little  by  little,  into  a  red 
hot  platinum  dish,  drive  ofi*  the  ammonia  salts,  moisten  the  residue  with 
hydrochloric  acid,  dissolve  it  in  water,  and  boil,  with  addition  of  puif 
milk  of  lime,  to  strongly  alkaline  reaction.     Filter  ofi*  precipitate  Y., 

•  Joum.  f.  prakt.  Chem.  63,  194. 

f  Compare  Petzholdt,  he  cit.  ;  Ebelmen  (Compt.  rend  33.  681) ;  Deville 
(Conipt  rend.  37,  1001;  Joum  f.  prakt  Chem.  62,  81);  Roth  (Joum.  f.  prakt. 
Chem.  58,  84). 

X  If  the  residue  contains  sulphate  of  barji>a  or  strontia,  these  compounds  are 
formed  ag-ain  upon  evaporating-  the  soaked  mass  with  hydrochloric  acid  ;  they 
remain  accorlingly  on  the  filter,  whilst  the  sulphuric  acid  formed  by  the  Bulphui 
of  the  pyrites  passes  into  the  filtrate. 
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which  is  composed  of  magnesia  and  the  excess  of  lime,  wash  it,  precipi- 
tate the  filtrate  with  cai'bonate  of  ammonia  and  ammonia,  and,  after 
long  standing,  filter  off  precipitate  VI.,  which  is  to  be  washed  with 
water  containing  ammonia. 

Precipitate  I,  consists  principally  of  silicic  acid.  It  may  also  contain 
sulphates  of  baryta  and  stroutia.  Treat  it  in  a  platinum  dish  with 
hydrofluoric  acid  and  a  little  sulphuric  acid,  evaporate  to  dryness,  and, 
if  necessary,  repeat  this  operation.  Should  a  residue  remain,  fuse  it 
with  a  small  quantity  of  carbonate  of  soda,  treat  with  water,  filter,  wash, 
dissolve  in  hydrochloric  acid,  and  precipitate  the*  solution  with  sulphuric 
acid.  When  the  precipitate  has  settled  filter  it  from  solution  a,  and 
wash.  Stop  up  the  tube  of  the  funnel,  and  fill  the  latter  with  solution 
of  carbonate  of  ammonia,  allow  to  stand  1 2  hours,  open  the  funnel  tube, 
wash  the  residue  first  with  water,  then  with  hydrochloric  acid  (solution 
6),  finally  again  with  water,  and  then  weigh  the  pure  residual  sulphate 
of  baryta.  Mix  the  united  solutions  a  and  h  with  carbonate  of  am- 
monia and  ammonia,  allow  to  stand  some  time ;  if  a  precipitate  forms 
(which  may  contain  carbonate  of  strontia)  filter  it  off,  dry,  and  add  to 
precipitate  IV. 

Precipitate  II.  consists  principally  of  sesquioxide  of  iron ;  it  contains 
also  the  alumina,  and,  provided  there  is  enough  iron,  the  whole  of  the 
phosphoric  acid.  Dissolve  in  hydrochloric  acid,  add  pure  tartaric  acid, 
and  then  ammonia.  Having  fully  convinced  yourself  that  no  precipitate 
is  formed,  precipitate  the  iron  with  sulphide  of  ammonium  in  a  small 
flask,  which  must  be  nearly  filled  and  closed,  allow  to  stand  till  the  fluid 
appears  of  a  pure  yellow  color,  filter,  wash  with  water  containing  sul- 
phide of  ammonium,  and  determine  the  iron  after  §  113,  2.  To  the  fil- 
trate add  a  little  pure  carbonate  of  soda  and  pure  nitrate  of  potassa, 
evaporate  to  dryness,  and  ignite  till  the  residue  is  white.  Add  water 
and  hydrochloric  acid  till  the  whole  is  dissolved,*  and  precipitate  the 
clear  fluid  with  ammonia.  If  a  precipitate  forms  (alumina  or  phosphate 
of  alumina,  or  a  mixture  of  both),  filter  it  off,  and  weigh.  Mix  the  fil- 
ti*ate  with  a  little  sulphate  of  magnesia.  If  another  precipitate  fonns, 
this  time  consisting  of  d^isirtionio'phosphate  of  magnesia  (which  is  to  be 
determined  after  §  134,  I.,  h.  a)  the  alumina  precipitate  may  be  calcu- 
lated as  phosphate  of  cdmnina  (Alj  O3,  P  0^).  If,  on  the  contrary,  no 
precipitate  is  formed,  the  phosphoric  acid  must  be  determined  in  the 
alumina  precipitate  as  directed  §  134, 1.,  6,  ft. 

Precipitate  III.  consists  piincipally  of  sulphide  of  manganese.  It 
may  also  contain  traces  of  sulphides  of  nickel,  cobalt,  and  zinc,  car- 
bonate of  lime,  &c.  Treat  with  moderately  dilute  acetic  acid,  heat  the 
filtrate,  to  remove  any  carbonic  acid,  add  ammonia,  precipitate  with  sul- 
phide of  ammonium,  allow  to  stand  24  hours,  and  determine  the  man- 
ganese as  protosulphide  (§  109,  2).  If  any  residue  was  left  insoluble  in 
acetic  acid,  test  it  for  the  above-mentioned  metals.  The  fluid  filtered 
from  the  pure  sulphide  of  manganese  is  to  be  mixed  with  carbonate  of 
ammonia.     If  a  precipitate  forms  it  is  to  be  treated  with  precipitate  IV. 

Precipitates  lY.  V.  VI.  The  united  mass  of  these  precipitates,  to- 
gether with  the  small  portions  of  alkaline  earthy  carbonates  obtained 
during  the  treatment  of  precipitates  I.  and  III.  contain  the  whole  of  the 

*  I  may  remind  the  operator  that  the  residue,  which  containa  nitric  acid,  can« 
not  be  heated  with  hydrochloric  acid  in  a  platinum  dish. 
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strontia  and  tlie  whole  of  the  iMuyta  whidi  origmally  paaaad  Into  tbt 
hydrochloric  add  solution.  Ignite  the  dried  precif^tate  (if  neoeaeaiy  in 
portions)  in  a  platinum  crucible^  most  intensely  over  the  gas  blowpipe. 
By  this  means  any  carbonates  of  baryta  and  strontia  are  oonTerted  into 
the  caustic  state,  and  a  part^  i^  all  ef^enlB,  of  the  carbonate  of  lime  into 
Ume  (EifosLsacs*).  Boil  the  residue  5  or  6  tunes  with  small  portionf 
of  water,  pouring  off  the  solution  through  a  filter ;  neutraiisBe  uie  solii- 
tion  with  hydrochloric  acid,  evaporate  to  dryness,  and  test  a  minute 
portion  with  the  spectroscope — ^tlus  minute  portion  is  afterwards  added 
to  the  rest.  If  atrcntia  and  lime  alone  are  present,  separate  aooording 
to  88.   If  barjrta  is  present,  separate  the  three  alkaline  earths  after  84, 

66.  Althou^  it  is  possible  in  aa  to  test  for  metals  precipitable  by 
sulphuretted  hydrogen  from  acid  solution,  0.^.,  oo^>er,  and  if  required 
to  determine  them,  still  it  is  more  convenient  to  em^y  a  fresh  quarter 
of  the  hydrochloric  acid  solution  for  this  purpose.  The  precipitate  ob- 
tained by  passing  the  gas  into  the  warm  dUute  solution  is  washed,  dried, 
and  treated  with  bisul2>hide  of  carbon.  If  a  residue  remains  it  is  to  be 
examined. 

ee.  The  remaining  quarter  of  the  dilute  hydrochloric  acid  solution  is 
used  for  the  estimation  of  the  alkalieB.\  Mix  with  chlorine  water,  then 
with  ammonia  and  carbonate  of  ammonia ;  after  allowing  the  mixture  to 
stand  for  some  time,  filter  off  the  precipitate,  evaporate  the  filtrate  to 
dryness,  ignite  the  residue  in  a  platuium  didh  to  remove  the  ammonia 
salts,  and  finally  separate  the  magnesia  from  the  alkalies  as  directed  p. 
345^  16*.  The  reagents  must  be  most  carefully  tested  f<»r  fixed  alkaHee, 
andT  the  use  of  glass  and  porcelain  vessels  avoided  as  fiur  as  practicable. 

Should  the  limestone  contain  a  sulphate  soluble  in  hydrochloric  acid, 
precipitate  the  sulphuric  acid  by  a  small  excess  of  chloride  of  barium, 
allow  to  settle,  and  filter  off  the  sulphate  of  baryta  (which  is  to  be 
determined  in  tlie  usual  manner)  before  proceeding  as  above  to  the  esti- 
mation of  the  alkalies. 

h.  As  calcite  and  aragonite  may  contain  ^tiortc^  (Jenzsch|),  the 
possible  presence  of  fluorine  must  not  be  disregarded  in  accurate  analy- 
ses of  limestones.  Treat,  therefore,  a  larger  sample  of  the  mineral  with 
acetic  acid  until  the  carbonate  of  lime  and  carbonate  of  magnesia  are 
decomposed ;  evaporate  to  dryness  until  the  excess  of  acetic  acid  is  com- 
pletely expelled,  and  extract  the  residue  with  water  (§  138, 1.).  We 
have  the  fluorine  in  the  residue.  If  it  can  be  distinctly  detected  in  a 
portion  of  the  same,||  the  determination  may  be  attempted  after  §  166,  5. 

i.  If  the  limestone  under  examination  contains  chlorides^  treat  a  large 
sample  with  water  and  nitric  acid,  at  a  very  gentle  heat ;  filter,  and  pre- 
cipitate the  chlorine  from  the  fllti*ate  by  solution  of  nitrate  of  silver. 

k.  It  is  often  interesting  for  agriculturists  to  know  the  degree  of  solu- 

*  Zeitschrift  f  analyt.  Chem.  1,  474. 

f  The  simplest  way  of  ascertaining  whether  and  what  alkalies  are  present  in  a 
limestone^  Ib  the  process  g^ven  by  Engelbach  (AnnaL  d.  Chem.  tl  Pharm.  123, 
260)— viz.,  ignite  a  portion  of  the  triturated  mineral  strongly  in  a  platinnm  cru- 
cible over  the  blast,  boil  with  a  little  water,  filter,  neutralize  with  hydrochloric 
acid,  precipitate  with  ammonia  and  carbonate  of  ammonia,  filter,  evaporate  the 
filtrate  to  dryness  and  examine  with  the  spectroscope.  The  oarbonatc'of  ammo- 
nia precipitate  may  be  evaporated  with  hydrochloric  acid  to  dryness,  and  exam- 
ined in  like  manner  for  baryta  and  strontia. 

%  Fogg.  Annal.  96,  145.  |  See  QuaL  AnaL  §  146,  6. 
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bility  of  a  sample  of  limestone  or  marl  in  the  weaker  solvents.  This 
may  be  ascertained  by  treating  the  sample  first  with  water,  then  with 
acetic  acid,  finally  with  hydrochloric  acid,  and  examining  each  solution 
and  the  residue.  The  analyses  of  marls  made  by  C.  Struckmann  *  wei-e 
done  in  this  manner. 

L  To  effect  the  separation  of  the  caustic  or  carbonated  lime,  in  hy- 
.draulic  limes,  from  the  silicates,  Deyille  f  proposed  to  boil  with  solution 
of  nitrate  of  ammonia,  which  he  stated  would  dissolve  the  caustic  lime 
and  carbonate  of  lime,  without  exercising  a  decomposing  action  on  the 
silicates.  Gunning  J  found,  however,  that  by  this  process  the  double 
silicates  of  alumina  smd  lime  are  more  or  less  decomposed,  with  separa- 
tion of  silicic  acid.  As  yet  no  method  is  known  by  which  the  object 
here  stated  can  be  accomplished  with  absolute  accuracy ;  the  best  way, 
perhaps,  is  treating  the  sample  with  dilute  acetic  acid ;  0.  Knausz  g 
recommends  hydrochloric  acid. 

B.  Volumetric  Determination  of  Carbonate  of  Lime  and  Carbon- 
ate OF  Magnesia  (for  technical  purposes). 

§  222. 

a.  If  a  mineral  contains  only  carbonate  of  lime,  the  amount  of  the 
latter  may  be  estimated  from  the  quantity  of  acid  required  to  effect  its 
decomposition,  the  method  described  in  §  210  being  employed  for  the 
purpose.  Or  the  ^carbonic  acid  in  the  mineral  may  be  determined,  say 
by  the  method  described  ^.  291,  cc,  and  1  eq.  carbonate  of  lime  =  50 
calculated  for  each  eq.  carbonic  acid  =  22. 

b.  But  if  the  mineral  contains,  besides  carbonate  of  lime,  also  carbo- 
nate of  magnesia,  the  results  obtained  by  either  process  give  the  quan- 
tity of  carbonate  of  lime  -f  carbonate  of  magnesia,  the  latter  being  ex- 
pressed by  its  equivalent  quantity  of  carbonate  of  lime  (t.e.,  50  of 
carbonate  of  lime  for  42  of  carbonate  of  magnesia).  If,  therefore,  you 
desire  to  know  the  actual  amount  of  each,  you  must,  in  addition  to  the 
above  determination,  estimate  one  of  the  earths  separately.  For  this 
purpose  one  of  the  two  following  methods  may  be  employed  : — 

1.  Mix  the  dilute  solution  of  2 — 5  grm.  of  the  mineral  with  ammo- 
nia and  oxalate  of  ammonia  in  excess,  allow  to  stand  for  12  hours  and 
then  filter.  Ignite  the  precipitate  of  oxalate  of  lime,  together  with  the 
filter,  and  treat  the  carbonate  of  lime  produced  as  dii-ected  §  210.  This 
process  gives  the  amount  of  lime  contained  in  the  analyzed  mineral ; 
the  difference  between  this  and  the  former  result  gives  the  carbonate  of 
lime  which  is  equivalent  to  the  amount  of  carbonate  of  magnesia  present. 
To  obtain  perfectly  accurate  results  by  this  method,  repeated  precipi- 
tation is  indispensable  (see  §  154,  6,  a). 

2.  Dissolve  2 — 5  grm.  of  the  mineral  in  the  least  possible  excess  of 
hydrochloric  acid,  and  add  a  solution  of  lime  in  sugar  water  as  long  as  a 
precipitate  forms.  By  this  operation  the  magnesia  only  is  precipitat- 
ed. Filter,  wash,  and  treat  the  precipitate  as  directed  §  210  ;  the  result 
represents  the  quantity  of  the  magnesia.     Deduct  the  quantity  Df  car- 

♦  AnnaL  d  Chem.  u.  Pharm.  74,  170. 

f  Gompt.  rend,  87,  1001 ;  Joom.  1  pzakt  Ohem.  62,  81. 

I  Joum.  f.  prakt.  Chem.  62,  318. 

I  Gewerbeblatt  aus  Wurtemberg,  1855,  Nr.  4;  Chem.  Centialbl.,  1855,  241 
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boiiate  of  lime  equivalent  thereto  from  the  result  of  the  total  determii 
nation  ;  the  remainder  is  the  amount  of  carbonate  of  lime  present. 
The  method  2  is  only  suitable  when  the  proportion  of  ma^esia  is  small 

[11.  Analysis  of  Ibok  Obes. 

§  223. 

The  ore  is  averaged,  a  sample  of  3 — 10  grm.  is  finely  pulverized,  and 
the  air-dry  substance  is  preserved  in  a  tightly  stoppered  bottle. 

A.  Estimation  op  Iron. 

Solution,  In  case  of  spathic  iron  and  hydrous  hematites,  the  ore  (1 
grm.)  may  be  dissolved  in  strong  hydrochloric  acid  with  aid  of  a  gentle 
heat.     In  presence  of  protoxide  of  iron,  sulphides,  or  organic  matters, 
add  ]  owdered  nitre,  and  heat  until  these  substances  are  oxidized,  then 
cautiously  add  sulphuric  acid  in  excess,  and  evaporate  until  fumes  of 
this  acid  appear.     A  residue  of  silica  may  be  disregarded,  unless  its  quan- 
tity be  so  large  as  to  interfere  with  accurate  division  of  the  solution.     In 
the  latter  case  it  must  be  filtered  off.    Dilute  to  100  c.  c.    If  the  ore  be 
slowly  soluble  or  insoluble  in  hydrochloric  acid,  it  is  best  to  mix  it  well 
with  thrice  its  weight  of  carbonate  of  soda  (if  sulphides  or  organic  matters 
be  present,  roast  the  ore  in  a  porcelain  crucible  before  mixing  with  soda^ 
or  add  to  the  mixture  a  suitable  proportion-^-^ip — of  pulverized  nitre) 
and  fuse  for  15  minutes.    Dissolve  the  fused  mass  with  a  small  bulk  of 
dilute  sulphuric  acid  (1  volume  of  acid  to  4  volumes  of  water),  if  nitre 
was  employed,  or  silica  is  present  in  the  fusion,  evaporate  until  vapors 
of  sulphuric  acid  arise,  and  dilute  to  100  c.  c. 

Deterndnation  of  the  iron  is  made  voluinetrically,  on  portions  of  25  c.  c, 
either  with  permanganate  of  potassa  after  previous  reduction  by  means 
of  zinc,  or  directly  by  standai'd  solution  of  hyposulphite  of  soda,  p.  203. 

In  presence  of  titanium  the  latter  method  must  be  employed,  because 
titanic  acid  is  partially  reduced  by  zinc,  as  shown  by  the  purple  tint  of 
the  solution. 

B.  Estimation  of  Iron,  Manganese,  Silica,  and  Phosphoric  Acid. 

The  ore  (2  grm.)  is  fluxed  with  carbonate  of  soda  as  described  in  A, 
dissolved  in  dilute  sulphuric  aciJ,  evaporated  and  heated  until  fumes  of 
sulphuric  acid  begin  to  appear,  treated  with  water,  and  filtered  off  from 
sUica.  The  filtrate  is  diluted  or  concentrated  to  200  c.  c.  and  iron  es- 
timated in  portions  of  25  c.  c,  by  hyposulphite,  p.  203.  Erom  100 
c.  c.  the  iron  is  thrown  down  by  acetate  of  soda,  p.  123,  e. 

Manganese  is  estimated  in  the  filtrate  by  precipitation  with  bromine, 
p.  184,  c/,  and  if  the  quantity  be  large,  by  subsequent  conversion  into 
pyrophosphate.  The  0[)erator  must  not  omit  to  satisfy  himself  of  the 
complete  separation  of  manganese,  by  testing  the  clear  liquid  or  filti-ate 
Avith  bromine  and  warming.  If  the  solution  is  or  becomes  strongly 
acid,  nearly  neutralize  it  ^^dth  carbonate  of  soda  before  adding  bro- 
mine. The  final  filtrate  from  the  bromine  precipitates  should  be  neu- 
tralized with  ammonia  and  tested  with  sulphide  of  ammonium,  j).  184,  e, 
m  order  to  be  certain  of  the  complete  precipitation  of  manganese. 
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Pliosphorxc  acid,  if  present,  exists  in  the  precipitate  by  acetate  of  soda 
This  is  dissolved  in  nitric  acid,  diluted  to  200  c.  c,  and  precipitated  by 
means  of  molybdenum  solution.  The  phosphoric  acid  is  weighed  as  py- 
rophosphate of  magnesia.  The  directions  found  on  p.  271  must  be 
strictly  followed.  If  arsenic  acid  be  present,  this  must  be  removed  by 
passing  sulphuretted  hydrogen  at  70°  through  the  sulphuric  solution, 
which,  after  removal  of  the  sulphide  of  arsenic,  must  be  heated  with 
nitric  acid  to  pcroxidize  the  iron.  / 

C.  Estimation  op  Sulphur. 

Tn  presence  of  pyrites  fuse  the  oi^  (1 — 3  grm.)  with  thrice  its 
weight  of  carbonate  of  soda  and  nitre,  both  free  from  sulphur,  in  a 
porcelain  dish,  acidulate  with  hydrochloric  acid,  evaporate  to  dryness 
over  the  water-bath  to  separate  silica,  and  precipitatie  with  chloride 
of  barium.  To  purify  the  BaO  SO3,  when  yellow  from  presence  of  iron, 
fuse  it  with  carbonate  of  soda,  exti*act  the  fused  mass  with  water,  aci- 
dulate the  aqueous  solution  (filtered  off  from  Fea  O3  and  BaO  COg)  with 
hydrochloric  acid,  and  precipitate  agaun  with  chloride  of  barium. 

D.  Estimation  of  Titanium. 

Titanium  is  estimated  in  1 — 5  grm.  of  ore,  which  should  be  fused 
with  soda,  the  fused  mass  dissolved  in  excess  of  sulphuric  acid,  evapo- 
rated to  dryness  cautiously  in  an  air-bath,  the  heat  being  gradually  rais- 
ed until  the  bisulphate  of  soda  formed  passes  into  fusion  at  a  low  red 
heat.  Cover  the  cold  mass  with  cold  water,  let  stand  a  number  of  hours 
until  it  is  thoroughly  softened  and  dissolved,  dilute  to  500 — 700  c.  c, 
filter  off  from  silica,  add  bisulphite  of  soda  to  reduce  the  iron  to  pro- 
toxide, heat  to  boiling  for  an  hour  or  more,  replacing  the  evaporated 
water,  and  adding  bisulphite  of  soda,  or  solution  of  sulphurous  acid, 
from  time  to  time.  The  titanic  acid  is  then  thrown  down  completely, 
provided  too  much  free  sulphuric  acid  be  not  present.  Filter  and  wash 
with  hot  water.  To  the  filtrate  and  washings  add  more  sulphurous  acid, 
or  sulphite,  and  if  strongly  acid  nearly  neutralize  with  carbonate  of. 
Boda,  and  boil  for  thirty  minutes  longer ;  filter  off  any  additional  preci- 
pitate, and  repeat  the  operation  as  long  as  titanic  acid  separates.  Test 
100  c.  c.  of  the  last  filtrate  by  concentrating  with  sulphuric  acid  and 
zinc,  to  be  certain  that  all  titanic  acid  is  precipitated.  The  impure 
titanic  acid  thus  obtained  is  ignited  and  weighed,  see  p.  178.  It  is 
then  redissolved  by  fusion  with  bisulphate  of  soda,  and  treatment  with 
cold  water,  and  either  reprecipitated  by  boiling  its  solution,  mixed  with 
sulphurous  acid  as  before,  in  order  to  obtain  it  free  from  iron,  or  the 
iron  may  be  determined  volumetrically  in  the  solution  by  means  of 
hyposulphite  of  soda,  p.  203,  3,  6,  and  the  titanic  acid  estimated  by  dif- 
ference.] 

12.  Assay  of  Copper  Ores.* 

§  224. 
A.  Mohr's  Method  for  Oxides ^  Silicates ,  and  Ca/rhonates  of  Copper, 
Powder  the  ore  finely ;  if  rich,  take  1  grm.,  if  pooi:,  3  grm.     IVeat  in 

*  See  also  Steinbeck's  Method,  Chemical  News,  v.  19,  p.  207,  and  LucKOW*f 
Biethod,  idem.  p.  221. 
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a  porcelain  dish  of  10  cm.  diameter  with  some  sulphuric  acid,  water,  and 
nitric  acid,  cover  the  dish  with  a  large  watch-glass  and  heat  to  boiling. 
As  soon  as  the  mass  is  nearly  dry  and  ceases  to  spirt,  remove  the  watc& 
glass  and  increase  the  flame,  maintaining  an  elevated  temperature  till 
no  more  fumes  escape ;  allow  to  cool,  add  distilled  water,  heat  to  boiling, 
filter  into  a  small  platinum  dish,  wash  with  hot  water,  evaporate  the 
washings  and  transfer  them  also  to  the  platinum  dish,  and  finally — Shav- 
ing made  quite  sure  that  the  residue  insoluble  in  water  gives  up  no  cop- 
per to  acids — precipitate  the  copper  with  zinc,  after  p.  229,  2,  a.  The 
light-red  color  of  the  copper  is  an  indication  of  its  purity.  It  will  be 
seen  that  we  have  in  view  in  this  process  the  removal,  as  far  as  possible,  oi 
the  metals  precipitable  by  zinc,  viz. :  lead,  antimony,  and  tin.  [Arsenic 
is  not  fully  removed,  and  in  this,  as  in  the  following  processes,  must  be 
separated  by  sulphide  of  sodium.    128}  P*  329.] 

[B.  GiBBs'  Method  for  Sulphides* 

Mix  the  finely  pulverized  ore  in  a  porcelain  crucible  with  3 — 4  times  its 
weight  of  a  mixture  of  10  parts  of  nitre,  and  14  parts  of  bisulphate  of 
potash.  Heat  the  whole  slowly  to  low  redness — best  in  a  muffle.  The 
sulphides  are  completely  oxidized  without  frothing.  Add  enough  sul- 
phuric acid  to  convert  all  the  sulphate  of  potash  into  bisulphate,  and 
heat  again  carefully  until  the  contents  of  the  crucible  fuse  to  a  clear 
mass.  Dissolve  in  water,  filter  from  silica,  etc.,  and  precipitate  the  cop- 
per as  described  p.  229,  6.] 

[C.  Storeb  and  Pearson's  Method  for  Sidphide8,\ 

The  ore,  2 — 6  grm.,  is  pulverized  and  mixed  with  its  bulk  of  powdered 
chlorate  of  potash  in  a  porcelain  dish,  and  covered  with  a  watch-glass  or 
inverted  funnel ;  add  nitric  acid  of  ordinary  strength,  rather  more  than 
would  be  sufficient  to  cover  the  powder.  Heat  to  gentle  ebullition,  add- 
ing from  time  to  time  chlorate  of  potash,  if  needful,  until  the  sulphur  is 
completely  oxidized.  Rinse  the  cover  into  a  separate  beaker.  Wlien  the 
contents  of  the  porcelain  dish  are  cold,  add  a  quantity  of  strong  hydro- 
chloric acid,  rather  larger  than  the  quantity  of  nitric  acid  fii-st  employed; 
eva])orate  the  whole  to  dryness,  to  vender  silica  insoluble.  Treat  the 
residue  with  water,  and  mix  the  whole  with  the  rinsings.  Heat  the  liquid 
nearly  to  boiling,  and  add  strong  solution  of  protosulphate  of  iron, 
slightly  acidulated  with  sulphuric  acid ;  keep  the  whole  hot  until  the 
contents  of  the  beaker  become  almost  black,  and  no  more  gas  is  disen- 
gaged. 

When  the  nitric  acid  has  been  reduced  by  this  treatment,  filter  into 
a  wide  beaker  and  precipitate  by  a  clean  sheet  of  iron,  or  by  a  flat  coil 
of  iron  wire.  Wash  the  metallic  copper  with  water,  then  with  alcohol, 
and,  if  need  be,  ignite  it  in  a  current  of  hydrogen  before  weighing.J] 

[*  Am  Joum.  Sol,  xliv.  212. j 

[f  Am.  Joum.  Sci.,xlviii.  194.] 

[X  The  precipitation  by  iron  Bucceeds  well  when  iron  can  be  obtained  which 
dissolves  in  dilute  acid  \vithout  the  separation  of  black  particles  or  flakes  in  weigh- 
able  quantity.  If  the  copper  solution  be  cold,  dilute,  and  nearly  neutml  when  the 
iron  is  first  placed  in  it,  the  copper  has  little  adhesion  to  the  iron,  and  may  be  readily 
detached  from  it  for  the  purpose  of  weighing.  If,  as  soon  as  the  iron  is  coated 
with  copper,  hydrochloric  acid  (20  c.  c.)  be  added,  and  the  whole  be  heated  to 
Dear  the  boiling-point,  and  maintained  at  that  temperature,  but  without  ebulli* 
uion,  the  residue  of  the  copper  is  deposited  as  a  spongy  coherent  mass,  which. 
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13.  Analysis  of  Galena. 

§  225. 

This  is  the  most  widely  spread  of  the  lead  ores.  It  frequently  con- 
tains larger  or  smaller  quantities  of  ii*on,  copper,  and  silver,  occasion- 
ally traces  of  gold,  ana  commonly  also  more  or  less  gangue,  insoluble  in 
adds. 

Itedu6e  the  ore  to  a  fine  powder,  and  dry  at  100°. 

Oxidize  a  weighed  quantity  (1 — 2  grm.)  with  highly  concentrated  red 
fuming  nitric  acid,  free  from  chlorine  and  sulphuric  acid  (see  p.  326). 
For  this  purpose  use  a  capacious  flask,  covered  during  the  operation  with 
a  watch-glass ;  do  not  put  the  tube  in  which  the  powder  was  weighed 
into  the  flask.  If  the  acid  is  sufficiently  strong,  the  sulphur  will  be 
fully  oxidized.  After  you  have  warmed  gently  for  a  long  time,  add  3  or 
4  c.  c.  pure  concentrated  sulphuric  acid,  which  you  have  previously  di- 
luted with  a  little  water,  and  heat  on  an  iron  plate,  till  all  the  nitric 
acid  is  evaporated.  Dilute  with  water,  filter,  wash  the  residue  with 
water  containing  sulphuric  acid,  and  displace  the  latter  with  alcohol. 
Collect  the  alcoholic  washings  separately. 

a.  Dry  the  reaidi^y  ignite,  and  weigh  (§  116,  3).  It  consists  of  sul- 
phate of  lead,  gangue  undecomposed  by  the  acid,  silicic  acid,  &c.  Heat 
the  whole,  or  a  fractional  part,  with  hydrochloric  acid  to  boiling ;  let 
the  insoluble  matter  subside,  and  then  decant  the  supernatant  clear 
liquid  on  to  a  filter^  pour  a  fresh  portion  of  hydrochloric  acid  on  the 
residue,  boil  again,  allow  to  subside,  and  decant,  and  repeat  this  opera- 
tion until  the  sulphate  of  lead  is  completely  dissolved ;  finally,  place  the 
residue  on  the  filter,  and  wash  with  boiling  water  until  every  trace  of 
chloride  of  lead  is  removed  ;  dry,  ignite,  and  weigh  the  residue,  Sub- 
ti-act  the  weight  found  from  that  of  the  original  residue  :  the  difference 
expresses  the  quantity  of  sulphate  of  lead  which  the  latter  contained. 
Instead  of  using  hydrochloric  acid,  the  sulphate  of  lead  may  also  be  dis- 
solved by  heating  with  an  aqueous  solution  of  tartrate  or  acetate  of  am- 
monia and  caustic  ammonia ;  or  it  may  be  first  converted  into  carbonate 
of  lead,  by  digestion  with  solution  of  carbonate  of  soda,  washed  and 
dissolved  in  dilute  nitric  acid. 

6.  The  sulphuric  ncid  solution  is  free  from  any  weighable  trace  of  lead, 
if  the  process  has  been  properly  conducted.  It  contains  the  metals  pre- 
sent in  the  ore  in  addition  to  lead.  First  add  some  hydrochloric  acid, 
to  precipitate  the  silver,  if  present.  If  a  turbidity  or  precipitate  is 
formed,  keep  the  fluid  for  some  time  in  a  warm  place,  till  the  chloride 
of  silver  has  subsided.  The  latter  is  filtered  off  and  may  be  determined 
after  §  115,  1.  In  the  case  of  very  small  quantities,  I  prefer  to  incin- 
erate the  filter  with  the  precipitate  in  a  porcelain  crucible,  to  ignite  the 
residue  for  a  short  time  in  hydrogen,  to  dissolve  the  trace  of  metallio 
silver  in  nitric  acid,  to  evaporate  the  solution  in  the  crucible  to  dryness^ 
to  take  up  the  residue  with  water,  and  to  estimate  the  silver  in  the  solu- 
tion by  Pisani's  method  (p.  215). 

with  care,  may  be  removed  from  the  iron  and  washed  without  falling  to  pieces 
or  oxiiizing  (see  p.  239,  2,  a,  for  details  of  washing).  If  the  copper  should  be 
dif?l<'nlt  to  collect  by  decantation,  it  may  be  gathered  on  a  small  filter,  and,  after 
bn^ing  the  latter,  may  be  either  reduced  by  hydrogen  or  calcined  to  oxide  (p. 
ZZJ,  boil  >:n«.] 
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™rB  tlie  fluid  filt«rR(l  froin  thti  rhlori'le  of  Bitt-w  with  «nl])lni. 
n-Luiu  iiyilixigeu.  The  |ii'eci|iitate  generally  contains  a  little  gulj-hvUi^ 
tnppei;  ooiHtBioTiBlljr  also  other  tulphideg.  Sepm-ate  these,  as  veil  u  tbt 
metHls  ia  tite  filtmlc,  wliich  are  precipitable  b;  sulphide  of  ammoDinm 
{iron,  tinCf  A*.),  atcording  to  the  methods  of  Section  V. 

Hie  foregoing  method  does  not  enable  the  aswyer  to  determtce  toy 
umall  quaiiUtioH  of  ailver*  and  the  trifling  traces  of  gold  which,  awoid- 
ing  to  PfiUtY  and  SHiTH.t  are  often  found  in  galena.  To  effect  tbis,  it 
in,  in  the  fii-at  place,  necessary  to  produce  a  button  containing  the  Tboli 
or  jiaTi  of  the  lead  of  the  galena,  and  the  whole  of  the  silvpr  and  goW, 
ftud  then  to  separate  the  latter  metals.  This  is  accomplished  as  described 
in  I  2'2G  and  §  227. 

[For  the  estimation  of  the  gj/lpkur,  take  a  fresh  portion  of  the  piilvei- 
ized  ore  and  bring  it  into  solution  by  method  C,  p,  526,  filter  from  silici, 
in  presence  of  iron,  add  a  lump  of  solid  tartaric  acid,  precipitate  hot  b? 
chloride  of  barium,  and  wash  by  decantation  first  with  hot  water,  and 
filially  with  dilute  solution  of  acetate  of  smmonia.  The  tartaric  acid 
prevents  precipitation  of  iiisn,  the  acetate  of  ammonia  purifies  the  pre- 
cipitate from  alkali  and  baiyta  salts.— Stoker  and  Peabson.J] 

[14.  Silver  Assay. 


A»my  hy  Scorijicalion  and  CvpeUoUon, 

A.     Ores  Pooh  is  Silver. 

1.  Prrpn.mtion  vf  the  Ore.  The  well-sampled  ore  is  pulverized  and 
passed  tlirmiph  a  sit^ve  with  GO  to  80  holes  to  the  linear  inch.  If  par- 
ticle-S  of  nietiillic  silvtr  or  nmOeable  ore  remain  upon  the  sieve,  they 
must  be  assayed  separately. 

Th«Jlvxe»  required  are,  1,  Away  lead,  prepared  by  shaking  melted 
lead  in  a  wooden  box  and  sifting  through  meshes  of  -^  inch ;  2,  Sorax 
or  horax-gloM  y  and  3,  Quartz  sand  or  powdered  fflata,  to  form  silicates 
with  the  metallic  and  earthy  oxides,  and  also  sometimes  to  prevent  the 
oside  of  lead  from  destroying  the  scorifier.  The  proportions  of  the 
fluxes  vary  with  different  ores,  and  should  be  sufiicient  to  form  a  liquid 
sl^  and  a  lead  button  of  convenient  size.  The  addition  of  too  much 
borax  will  envelop  the  metallic  lead  before  sufficient  oxide  of  lead  is 
formed  to  decomjioae  the  silver  compounds. 

Galena  requires  6  parts  lead  and  no  borax  ;  quartzoae  ores  about  8 
parts  and  no  borax;  blende,  mispickel,  and  pyrites  about  16  parts, and 
J-  to  1  part  borax ;  copper  and  tin  compounds  20  to  30  of  lead,  and 
nickel  and  cobalt  even  more  ;  nickeltpewe  16  paits  of  lead  and  repeated 
scorifications  ;  ores  containing  oalcite,  dolomite,  barytes,  or  fluort>par,  8 
parts  of  lead  and  12  parts  borax  or  glass.  In  case  of  doubt  as  to  the 
nature  of  the  ore,  begin  with  8  parts  of  lead,  and,  if  the  fusion  is  not 
good,  repeat  with  a  larger  proportion  of  lead. 

•  AmtentUeions  galenas  generally  contain  onl?  between  0-03  to  018,  nndy 
above  0-6H  silver ;  and  a  great  taaaj  contain  far  leas  than  0*0314. 

t  ITiil.  M^.,  VIL  126.  t  Am.  Jonr.  Sci.,  XLVHL  198. 
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^  2.  ScaryUxUian,  The  objects  of  this  process  are  to  concentrate  all  the 
silver  in  a  lead  button,  to  decompose  the  sulphides,  etc.,  and  to  dissolve 
Mid  slag  oflf  eai^thy  and  other  substances  by  means  of  the  oxide  of  lead 
foiined. 

In  this  process  all  the  sulphur  of  the  heavy  metallic  sulphides  passes 
off  finally  as  sulphurous  acid.  Sulphides  of  the  alkalies  and  of  the 
alkaline  earths,  if  present,  are  oxidized  to  sulphates. 

CJiarge  and  fusion,  2  to  4  grammes  of  tlie  sampled  ore  are  mixed 
"With  half  the  assay  lead  required,  pla(;ed  in  a  scorifier,*  and  covered  with 
the  remainder  of  the  assay  l§ad.  If  borax  is  used,  it  Ls  best  placed  on 
top  of  the  assay,  but  glass  should  be  mixed  with  it.  The  charged 
scorifier  is  placed,  with  help  of  suitable  tongs,  in  a  rod  hot  muffle.  (If 
no  muffle  is  at  hand,  the  fusion  may  be  made  in  a  large  Hessian  cruci- 
ble, which  is  laid  on  its  side  on  a  good  bed  of  coals,  and  partly  covered 
with  charcoal.  The  mouth  can  be  closed  with  a  crucible  cover.)  A  piece 
of  glowing  charcoal  is  placed  on  or  by  the  scorifier,  the  mouth  of  the 
muffle  is  closed,  and  the  heat  kept  up.  The  lead  soon  fuses,  and  the 
ore,  being  lighter,  floats  on  the  surface  and  roasts.  From  the  ai)pear- 
ance  of  the  fumes  the  assayer  can  frequently  judge  of  the  nature  of  the 
ore  ;  sulphur  giving  light  gray,  zinc  thick  white,  arsenic  grayLsh,  and 
antimony  bluish  fumes.  After  15  to  20  minutes  the  assky  has  melted 
down,  and  a  fluid  slag  has  formed  at  the  periphery  of  the  glowing 
metal ;  the  latter  meantime  gives  oflf  fumes  of  oxide  of  lead.  With  diffi- 
cultly fusible  ores  it  may  require  30  minutes  for  complete  fusion,  and  even 
then  it  may  be  necessary  to  add  more  lead  or  borax.  The  latter  should 
be  wrapped  in  stiff  paper  and  placed  on  the  assay  with  tongs.  The 
paper  keeps  the  borax  from  contact  with  the  assay  till  its  water  is  driven 
off,  thus  preventing  a  loss  by  sputtering.  If  the  ore  contmns  much 
zinc,  it  is  better  to  volatilize  this  metal  by  covering  the  scorifier  with 
glowing  coals,  closing  the  muffle  and  increasing  the  heat,  as  oxide  of 
zinc  forms  a  stiff  slag.  The  muffle  is  now  opened,  and  the  slagging  is 
allowed  to  proceed  at  a  temperature  just  high  enough  to  keep  the  lead 
bright.  A  high  heat  hastens  the  process,  but  causes  a  loss  of  silver  by 
oxidation  and  volatilization.  When  the  slag  covers  the  button,  the 
heat  is  increased  for  a  few  minutes,  in  order  to  separate  any  metallic 
lead  which  may  be  mechanically  mixed  with  it.  The  assay  is  now 
poured  into  a  casting-plate,f  previously  warmed,  to  expel  the  moisture. 
If  no  casting-plate  is  at  hand,  the  assay  may  be  allowed  to  cool  in  the 
scorifier. 

The  button  should  separate  easily  from  the  slag,  and  must  be  per- 
fectly malleable.  It  is  entirely  freed  from  adhering  slag  by  hammering 
into  a  cubical  mass,  and  is  then  ready  for  \\\q  process  of  cupellation, 
valess  too  large,  in  which  case  it  must  be  reduced  in  bulk  by  reheating 
on  a  fresh  scorifier.  If  the  button  be  hard,  or  contain  much  metallic 
copper,  more  lead  and  borax  are  added,  and  the  process  is  repeated. 
In  general  it  is  better  to  carry  the  scorification  as  far  as  possible,  since 


*  A  cup  of  baked  clay,  to  be  had  of  dealers  in  apparatus, 

f  The  casting-plate  is  a  plate  of  sheet-copper  with  a  handle,  and  12 — 20  cup- 
shaped  depressionR,  each  1^  inch  wide  and  ^  inch  deep  ;  it  is  convenient  when 
tevcral  assays  are  carried  on  together.     The  cups  arc  rubbed  with  chalk  to  pre 
vent  the  button  from  adhering. 
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fas  EhowQ  thnt  there  is  It'sa  loss  of  silver  in  icorificatioD 
lation, 

-    t  ition  (§  163,  10;  123)-    This  process  consists  in  ibe  oA 

diition  cii  lilt!  lead   on  a  bone-asli  cupel,*  wliich  absorbs  the  oxide  of 
lead,  leaviiif;  mettdlic  silver. 

Th^  ciipel,  after  the  duiit  id  blown  out,  is  placed  in  a  muffle  and  heated 
to  rodiiesB   to   ei:pul  the  moisture.     If  tbis  precaution   bo  negletled, 
the   escaping  vapor  causes  a   loss    of  the    alloy   by    Bputttring.     TLa 
argentiferous   lead   is   carefully   placed  ou  the  cupel,  a  jjiece  of  glowing 
cliarcoal  is  laid  near  it,  the  mouth  of  the  muSle  is  closed,  and  the  whole 
is  brought  promptly  to  fusion.     If  it  ia  not  quickly  fused,  particles  ot 
the  astiuy  are  liable  to  stick  to  (he  sides  of  the  cupel,  causing  a  loss.    As 
suou  as  the  ussay  has  "  cleared,"f  the  muffle  should  be  opened,  the  chsr- 
coal  i-emoved,  and  thp.  heat  lowered    lear  the  assay,  either  by  closing 
druughts  or  moving  the   cupel  .leHrer  tlie  mouth  of  the  mniflc. 
oxiilution  should  now  be  cairied  on  at  as  low  a  heat  as  passible,  u 
a,  uigli  beat  iucreasas  the  volatilization  iif  the  silver  along  with  the 
lead.     If  the  temperature  is  light,  i:     lerfect  crystals  of  oxide  of  lead 
form,  and  the  fumes  rise  to  the  mid     s  of  the  muffle  ;  but  if  the  fiunes 
diiispf)«ir  immediately  above  the  cuj'<J,  whilst  the  latter  is  at  a  bright 
red   heat,  and   no  crystals  foi-m,  the  1    at  is  too  high.     If,  on  the  other 
hand,  the  cupel   is   dark   brown,  and     hick  funiea  i-ine  to  the  top  of  the 
mnffle,  the  heat  is  too  low,  and  there  ih  danger  of  solidification.     If  the 
assay  "  freeces  "  or  solidifies,  it  may  be  again  fused ;  the  results  are, 
however,  too  low,  as  silver  passes  into  the  bone-ash.     Alloys  containing 
copper  requii-e  a  higher  heat  to  prevent  freezing.     Towai^ls  the  cloM 
of  the  operation  the  heat  should  be  gradually  rained,  as  the  alloy  become* 
less  fusible  with  the  inci-eaEed  proportion  of  silver,  and  the  lead  oxidiua 
with  more  difficulty.     When  the  cupellation  is  nearly  finished,  a  play 
of  colors   is   sei-n,  and   the  button  suddenly  brighteus  or  "  blicks,"  and 
becomes  white,  and  is  free  fi-om  lead.     It  is  immediately  moved  towards 
the  mouth  of  the  muffle,  so  as  to  cool  slowly.     If  suddenly  cooled  it 
"  sprouts,"  sometimes  throwing  jmrticles  ont  of  the  cupel,  owing  to  the 
sudden  escape   of  the  oxygen  which  molten  silver  absorbs,  unless  it 
contains  copper,  lead,  or  much  gold. 

The  button  must  separate  easily  from  the  cupel.  It  is  taken  up  bf 
pincers  and  brushed  with  a  stiff  brush.  It  should  be  well  rounded  and 
bright,  show  no  particles  of  bone-ash  under  a  magnifying  glass,  and  have 
no  projecting  ridges  caused  by  cracks  or  depressions  in  the  cupel,  as 
these  always  contain  lead.  The  silver  obtained  is  not  chemically  pure, 
but  the  amount  of  foreign  matters  is  so  small  that  no  notice  is  taken  of 
them  in  oi'e  assays,  and  moreover,  the  impurities  do  not  compensate  for 
the  loss  in  ecorification  and  cupellation.  The  assay  lead  must  be  assayed, 
and  the  amount  of  silver  yielded  by  it  must  be  deducted  from  that  ob- 
tained from  the  ore.  The  weight  of  silverin  milligrammes,  multiplied 
by  A  ji,  gives  the  number  of  troy  ounces  per  ton  of  ore. 

I  Troy  ounce  of  pure  silver  is  worth  tl.29  gold. 

*  Capels  are  moat  convenient];  pnlcbaaed  of  the  dealers  in  appaiBtos.  They 
shonl<l  be  neither  too  porous  nor  too  compact.  In  the  foimer  case  sQvei  paswa 
into  the  bone'Ssb,  in  the  latter  the  oxide  ot  lead  is  not  absorbed  with  soffltdeBt 
rapid  i(,7, 

f  i.e.  Exposal  a  bright  Eorf ace  of  lead. 
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Silver  ores  may  be  assayed  by  the  methods  described  in  §  227  for 
the  assay  of  gold  ores,  but  the  results  obtained  are  not  as  high  as  by  the 
scorification  method* 

B.  Ores  rich  in  Silver. 

Ores  of  1  per  cent,  or  more  are  assayed  as  described  under  A,  but  the 
loss  by  vohitilization  impairs  somewhat  the  accuracy  of  the  result. 

C.  Bullion. 

Alloys  are  assayed  either  in  the  wet  way  or  by  cupellation,  as  de« 
scribed  under  A,  3.  When  the  assay  contains  more  than  1  per  cent,  of 
silver,  the  loss  by  volatilization  must  be  taken  into  the  account.  This 
is  done  by  the  method  of  assajring  with  **  proofs,"  i.  «.,  the  composition 
of  the  aJloy  is  determined  approximately,  if  not  already  known,  by  a 
preliminary  cupellation,  and  then  a  "  proof"  is  made  up  of  the  same 
composition  as  the  assay,  by  weighing  off  the  proper  quantities  of  pure 
metals ;  this  and  the  assay  are  then  melted  with  the  same  amount  of 
lead,  and  the  two  are  cupelled  together  side  by  side.  The  loss  of  the 
proof  is  added  to  the  result  of  the  assay.  The  numerous  details  of  the 
assay  with  proofs,  which  are  observed  in  order  to  accomplish  a  large 
amount  of  work  in  a  short  time,  are  properly  learned  in  assay  offices. 

15.  Gold  Assay. 

§  227. 

Crucible  Assay  and  Parting. 

Ores  of  gold  may  also  be  assayed  by  the  scorification  method  (§ 
22G),  but  on  account  of  the  difficulty  of  sampling,  it  is  better  to  take 
larger  amounts  of  ore  and  make  a  crucible  fnsion. 

Gold  ores  may,  for  convenience,  be  divided  into  two  classes.  First, 
those  containing  little  or  no  sulphur ;  and  second,  those  containing  sul- 
phur, as  pyrites,  blende,  etc. 

A.  Ores  of  the  First  Class. 

1.  Reduction.  If  the  ore  consists  principally  of  quartz  or  silicates,  a 
fusion  with  litharge  and  a  reducing  flux  yields  a  uniform  brittle  vitreous 
slag,  and  a  lead  button  containing  the  gold  and  silver.  If  the  ore  con- 
tains basic  substances,  such  as  calcite,  oxide  of  iron,  etc.,  quartz  sand  or 
broken  glass  must  be  added. 

The  reducing  flux  mentioned  in  the  subsequent  directions  is  a  mix- 
ture of  100  parts  of  bicarbonate  of  soda  and  20  parts  of  flour. 

Tlie  following  is  a  convenient  charge,  yielding  a  button  that  may  be 
directly  cupelled : — 

Ore 50  grm. 

Litharge 75  grm. 

Reducing  flux 4  grm. 

If  glass  is  added,  count  it  as  ore,  and  increase  the  litharge  and  redu- 
cing flux  proportionally. 

Mix  thoroughly ;  place  the  mixture  in  a  clay  crucible,  which  should 
not  be  more  than  two-thirds  filled.  Cover  one-quarter  inch  deep  with 
dry  chloride  of  sodium,  and  lute  on  the  cover,  or  the  luting  may  be  omit- 
ted if  care  lie  taken  that  no  coals  get  into  the  crucible,     llie  fusion 
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may  be  made  in  any  furnace  in  which  a  white  heat  is  obtainable,  best  b 
a  d<K'p  wind  fui-nace. 

The  fire  Ia  kindled  at  the  top,  so  that  the  heat  shall  be  gradually  raued 
to  prevent  the  crucible  cracking.  A  dull  red  heat  is  kept  up  for  half 
an  hour,  and  a  white  heat  for  a  quarter  of  an  hour  longer.  .Too  high  a 
heat  for  an  uimecessary  length  of  time  is  to  be  avoided,  as  the  lithiige 
is  liable  to  flux  the  crucible.  Kemove  fi-om  the  tire  while  hot,  and  tap 
gently  on  the  heailh  to  collect  the  lead  into  a  button.  When  oool, 
crack  out  the  button,  which  should  separate  readily  from  the  skg,  and 
be  perfectly  malleable.  The  slag  should  be  uniform  and  vitreous,  show- 
ing a  perfect  fusion,  and  should  include  no  metallic  globules. 

2.  CupelfeUion,  The  button  contains  the  gold  and  silver,  and  is  cu- 
pelled as  directed,  p.  530.  A  higher  heat  is,  however,  necessaiy  to 
remove  the  last  traces  of  lead  than  if  no  gold  were  present.  There  is 
no  danger  of  sprouting  if  the  alloy  contains  much  gold. 

3.  Parting.  Clean  the  gold  globule,  as  directed  p.  530,  weigh,  and 
add  pure  silver  if  necessary,  so  that  the  alloy  shall  contain  2^  parts  silver 
to  1  of  gold.  The  proportion  of  additional  silver  required  in  an  ore-assay 
may  be  commonly  judged  from  the  color  of  the  alloy.  If  it  is  bright  yd* 
low,  add  2^  parts,  if  only  faint  yellow,  2  parts,  and  if  white,  1  part  or  less. 

The  silver  and  the  alloy  are  fused  together  on  charcoal  before  thft 
blowpipe,  or,  better  still,  are  wrapped  in  sheet  lead,  and  cupelled  at  ahi^ 
heat.  The  button  is  hammered  and  rolled  into  a  long  thin  leaf^  caze 
being  taken  that  no  particles  crack  off.  If  large,  it  must  be  annealed 
duiing  the  rolling,  by  heating  on  a  cupel  in  the  muffle. 

The  leaf  is  rolled  together  on  a  slender  rod  or  pencil,  and  placed  in  an 
assay  fli^sk,  or  large  test-tube,  and  boiled  with  dilute  nitric  acid,  sp.  gr. 
1*16,  till  all  action  has  ceased  ;  the  acid  is  decanted,  and  the  boiling  re- 
peated with  acid  of  sp.  gr.  1'30. 

Wash  the  residual  gold  with  water  free  from  chlorine  till  the  wash- 
ings give  no  reaction  for  silver,  fill  the  flask  with  water,  cover  its  mouth 
with  a  drying-ciii>  *  or  porcelain  crucible,  and  invert.     The  gold  quickly 
settles  to  the  bottom  of  th(»  cuj).     The  flask  is  slowly  raised  till  the  cup 
is  nearly  full  of  water,  and  is  then  quickly  drawn  off  one  side.     Tlie 
water  is  carefully  poured  out  of  the  cup,  and  the  gold,  if  in  sepai-ate  j>ar- 
ticles,  is  collected  iu  a  dro])  of  water  at  the  bottom.     After  thoroughly 
drying,  heat  to  redness  in  the  muflle,  but  not  to  fusion.     If  the  process 
has  been  properly  conducted  the  gold  remains  in  one  coherent  mass,  and 
may  be  readily  turned  into  a  weighing-cup.     The  litharge  must  be  as- 
sayed for  silver  with  the  same  reducing  flux  as  was  used  with  the  ore. 

The  weight  of  the  button  obtained  by  cupellation,  less  that  of  the 
silver  yielded  by  the  litharge,  less  that  of  the  gold,  is  the  weight  of  the 
silver  in  the  ore. 

The  ounces  per  ton  are  calculated  as  directed  p.  530,  bottom. 

1  Troy  ounce  of  gold  has  a  value  of  $20.66. 

B.  Ores  of  the  Second  Class  (containing  Sulphiu"). 

1.  Ronsiting  Prorrss.  Tlie  object  of  roasting  is  to  expel  the  sulphur, 
but  this  process  is  objectionable  on  account  of  the  mechanical  loss  of 
gold  occasioned  by  it.     The  operation  is  conducted  as  follows:  A  weighed 

*  The  diying-cup  is  a  deep  narrow  vessel  of  biscuit  ware. 
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amount  of  the  ore  is  placed  in  an  iron  pan,  the  bottom  and  Rides  of 
which  have  been  smeared  with  a  paste  of  clay,  or  Venetian  red,  and  water. 
This  coating  serves  to  protect  the  iron  from  the  action  of  sulphur,  and 
should  be  slowly  and  thoroughly  dried  to  prevent  cracking.  The  roast- 
ing is  carried  on  at  a  dull  red  heat,  with  frequent  stirring,  until  most  of 
the  sulphur  is  driven  off.  Towards  the  close  of  the  process  the  heat  ia 
raised,  and  is  kept  up  till  the  odor  of  sulphurous  acid  is  no  longer  per- 
ceptible, and  a  moistened  blue  litmus  paper  held  a  few  inches  above  the 
ore  remains  unchanged.  The  ore  and  scrapings  from  the  pan  are  pulve- 
rized and  sifted.     The  following  are  the  proportions  of  the  charge : 

50  grms.  of  ore. 
20       "         powdered  glass. 
15       "  reducing  flux. 

100       "         litharge. 

Fuse  in  a  crucible  and  cupel,  as  dii-ected  for  ores  of  the  first  class. 

2.  Assay  hy  Ijitharge  and  Wiire,  In  crucible  fusions  of  aunferoua 
sulphides,  advantage  is  taken  of  their  reactions  with  oxide  of  lead. 
If  sulphides  are  fused  with  sufficient  litharge,  a  button  of  lead  and  a 
slag  free  from  sulphur,  or  containing  the  sulphates  of  the  alkalies  or 
alkaline  earths,  are  obtained,  but  the  lead  button  is  too  large  for  scorifica- 
tion.  Pyrite  reduces  8^  parts,  chalcopyrite  and  blende  7  parts,  gray  cop- 
per and  sulphide  of  antimony  about  6  parts  of  lead.  Nitre  is  added  to 
prevent  too  much  lead  being  reduced ;  and,  to  determine  the  amount  of 
nitre  proper  to  use,  a  preliminary  assay  is  made  by  fusing  3  to  5  grm. 
of  the  ore  with  50  parts  of  litharge.  The  fusion  should  be  made  quickly, 
using  care  to  prevent  the  action  of  reducing  gases,  and  as  soon  as  the 
mass  ceases  to  boil,  the  crucible  should  be  removed  from  the  fire,  to  pre- 
vent the  litharge  destroying  it.  The  resulting  button  is  weighed,  and 
tlie  amount  of  lead  that  would  be  yielded  by  the  ore  required  for 
an  assay  is  calculated.  If  this  amount  would  be  too  small  for  cupella- 
tion,  reducing  flux  must  be  added ;  if  of  the  right  size,  neither  reducing 
flux  nor  nitre  is  necessary,  but,  if  too  large,  nitre  must  be  added.  To 
find  the  weight  of  nitre  required  in  the  last  case,  de<luct  the  weight  of 
the  button  desired  for  cupellation  (10 — 15  grm.)  from  tlie  weight  of  the 
Itjad  which  would  be  produced  by  fusing  the  charge  of  ore  with  litharge 
alone,  and  divide  the  remainder  by  four ;  the  result  is  the  weight  of  niti*e 
required.  The  oxidizing  power  of  commercial  nitre  varies  so  much  that 
it  is  better  to  determine  it  by  fusing  a  sample  with  litharge  and  a  redu- 
cing flux.  The  weight  of  lead  which  the  flux  alone  produces,  less  that 
obtained  when  a  given  weight  of  nitre  is  added,  is  the  weight  of  lead  oxi- 
dized by  the  nitre.  The  charge  is  made  of  the  following  propor- 
tions: 

Ore,  20  grm. 

Litharge,  100  to  160  grm.,  according  to  the  proportion  of  the  sulphides. 

Nitre,  amount  calculated. 

Bicarb,  soda,  20  grm. 

Mix  thoroughly,  place  in  a  thick  French  crucible,  which  should  not 
be  more  than  one-third  filled,  and  put  on  top  20  grm.  of  borax,  and 
a  covering  of  common  salt.  The  fusion  is  made  slowly,  to  prevent  the 
Assay  from  running  over,  and  is  kept  at  a  strong  heat  for  an  hour.     The 
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btitton  bIiouI'!  Im  umlleablo,  and  tho  sLig  should  give  no  oJoi'  of  su! 
phuretted  hydrogoii  whtm  treatud  with  Bulphuric  acid.  It  ia  cu|:tlleil  lu 
directitid,  p.  530  (if  too  large  il  ia  liiat  iicorilied),  and  the  gold  uud  tiilva 
paj'ted  as  directed  p.  532.] 

IG.  Assay  or  Zinc  Oues. 


Jffeiliod  of  ScUAFF.VER,*  moJiJied  bi/  C.  KiiNZEL,!  as  employai  ts  ifa 
Jitlffian  xin(^v:orks  /  described  by  C.  Gholi,.| 

a.  Solution  of  the  ore  and  preparaCwn  of  the  amnumiacal  lolvtim. 
Powder  and  dry  the  ore. 

Take  O'o  grm,  in  t]ie  case  of  rich  ores,  1  giin.  in  the  case  of  poor  ores, 
transfer  to  a  small  flask,  dissolve  in  bydrochloiic  acid  with  additioQ  of 
some  nitrie  acid  bj  the  aid  of  heat,  expel  the  excesB  of  acid  bj  evapora- 
tion, add  some  water,  and  then  cxceas  of  tkmitionia.  Filter  iuto  i 
beaker,  and  wash  the  residue  with  lukewarm  water  and  a^lInoni:^  till 
sulphide  of  ammonium  ceases  to  produce  a  whit«  turbidity  in  the  wub- 
inga.  The  oxide  of  zino  remainiug  in  the  hydiatf-d  sesquioxide  of  iron 
IB  disregarded.  Its  quantity,  according  to  Okoll,  does  not  exceed 
0-3^ — 0-6  per  cent.  Tliis  stiitenient  probably  has  refei'enee  only  to  atrt 
containing  relatively  little  iron  ;  where  nauch  iron  is  present  tie  qusu- 
tity  of  zinc  left  behind  in  the  precipital*  may  be  not  inoonsidembk 
The  error  thus  arising  roay  be  greatly  diminished  by  dissolving  (hs 
slightly  washed  iron  precipitate  is  bydrocliloric  acid  and  adding  excfea 
of  ammonia.  But  the  surer  mode  of  proceeding  ia  to  add  to  the  ori^ 
nal  Boluliou — aft«r  evaporating  off  the  greater  part  of  tho  free  acid  t» 
alwve,  and  allowing  (o  cool— diluf-i'  rarlviuite  of  soda  n.arly  to  neutral- 
ization, then  to  pi-ecipitai«  the  sesquioxide  of  iron,  after  p.  202,  rf,  with 
acetate  of  soda,  boiling,  to  filter,  and  wash.  The  washings,  after  being 
concentrated  by  evaporation,  are  added  to  the  filtrate  and  the  wholo 
is  then  mixed  with  anmionia,  till  the  fir8t--formed  precipitate  is  redis- 
solved. 

If  the  ore  contains  mangitntse— provided  approximate  results  will 
suffice — digest  the  solution  of  the  ore  in  acids,  after  the  addition  of  ex- 
cess of  ammonia  and  water,  at  a  gentle  heat  for  a  long  time,  and  then 
filter  joff,  with  the  iron  precipitate,  the  hydrated  protosesquioxide  of 
manganese  which  has  separated  from  the  action  of  the  air.  The  safer 
course — though  undoubtedly  less  simple — is,  after  separating  the  iron 
with  acetate  of  soda,  to  precipitate  the  manganese  by  passing  chlorine, 
as  directed  p.  357,  59,  or  by  adding  bromine  and  heating. 

If  lead  is  present,  it  is  sepai'ated  by  evaporating  the  aqua  regia  solu- 
tion with  sulphuric  acid,  taking  up  the  residue  with  water  and  filt«ring; 
then  proceed  as  directed. 

b.  PrepaTation  and  itandardiaing  of  the  svJphids  of  iodi*im  totu- 
(ten. 
The  solution  of  sulphide  of  sodium  is  prepared  either  by  dissolving 
crystallized  sulphide  of  sodium  in  wat#r  (about  100  grtn.  to  1000 — 1200 
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vater),  or  by  supersaturating  a  solution  of  soda,  free  from  carbonic 
acid,  with  sulphuretted  hydrogen,  and  subsequently  heating  the  solution 
in  a  dask  to  expel  the  excess  of  sulphuretted  hydrogen.  Whichever 
way  it  is  prepared,  the  solution  is  aftei-wards  diluted,  so  that  1  c.  c.  may 
precipitate  about  0*01  grm.  zinc.  Prepare  a  solution  of  zinc,  by  dis- 
solving 10  grm.  chemically  pure  zinc  in  hydrochloric  acid,  or  44*122 
grm.  dry  crystallized  sulphate  of  zinc  in  water,  or  68*  133  grm.  dry  crys- 
tallized sulphate  of  potash  and  zinc  in  water,  and  making  the  solution 
in  either  case  up  to  1  litre  with  water. 

Each  c.  c.  of  this  solution  corresponds  to  O'Ol  grm.  zinc.  Now  mea- 
sure off  30 — 50  c.  c.  of  this  zinc  solution  into  a  beaker,  add  ammonia 
till  the  precipitate  is  redissolved,  and  then  400 — 500  c.  c.  distilled  water. 
Run  in  sulphide  of  sodium  as  long  as  a  distinct  precipitate  continues  to 
be  formed,  then  stir  briskly,  remove  a  drop  of  the  fluid  on  the  end  of  a 
rod  to  a  porcelain  plate,  spread  it  out  so  that  it  may  cover  a  somewhat 
large  surface,  and  place  in  the  middle  a  drop  of  pure  dilute  solution  of 
chloride  of  nickel.  If  the  edge  of  the  drop  of  nickel  solution  I'emains 
blue  or  green,  proceed  with  the  addition  of  sulphide  of  sodium,  testing 
from  time  to  time,  till  at  last  a  blackish  gray  coloration  appears  sur- 
rounding the  nickel  solution.  The  reaction  is  now  completed,  the  whole 
of  the  zinc  is  precipitated,  and  a  slight  excess  of  sulphide  of  sodium  has 
been  added.  The  precise  depth  of  color  of  the  nickel  must  be  observed 
and  remembered,  as  it  will  have  to  serve  as  the  stopping  signal  in  future 
experiments.  To  make  sure  that  the  zinc  is  really  quite  precipitated, 
you  may  add  a  few  tenths  of  a  c.  c.  more  of  the  reagent,  and  test  again, 
of  course  the  color  of  the  nickel-drop  must  be  darker.  Note  the  num- 
ber of  c.  c.  used,  and  repeat  the  experiment,  running  in  at  once  the 
necessary  quantity  of  the  reagent,  less  1  c.  c,  and  then  adding  0*2  c.  c, 
at  a  time,  till  the  end-reaction  is  reached.  The  last  experiment  is  con- 
sidered the  more  correct  one.  The  sulphide  of  sodium  solution  must  be 
restandardized  before  each  new  series  of  analyses. 

e.  Determination  of  the  zinc  in  the  solution  of  the  ore. 

Proceed  in  the  same  way  with  the  ammoniacal  solution  prepared  in  a 
as  with  the  known  zinc  solution  in  h.  Here  also  repeat  the  experiment, 
the  second  time  running  in  at  once  the  required  number  of  c.  c,  less  1, 
of  sulphide  of  sodium,  and  then  adding  0*2  c.  c.  at  a  time,  till  the  end- 
reaction  makes  its  appearance.  The  second  result  is  considered  the  true 
one.  There  are  three  different  ways  in  which  this  repetition  of  the  ex- 
periment may  be  made.  You  may  either  weigh  out  at  the  first  two  por- 
tions of  the  zinc  ore,  or  you  may  weigh  out  double  the  quantity  required 
for  one  experiment,  make  the  ammoniacal  solution  up  to  1  litre  and  em- 
ploy J  litre  for  each  experiment,  or  lastly,  having  reached  the  end-reac- 
tion in  the  first  experiment,  you  may  add  1  c.  c.  of  the  known  zinc  solu- 
tion, which  will  destroy  the  excess  of  sulphide  of  sodium,  and  then  run 
in  sulphide  of  sodium  in  portions  of  0*2  c.  c,  till  the  end-reaction  is 
again  attained.  Of  course,  in  this  last  process  to  obtain  the  second  re- 
sult, you  deduct  from  the  whole  quantity  of  sulphide  of  sodium  used  the 
amount  of  the  same,  corresponding  to  1  c.  c.  of  the  zinc  solution. 

If  the  ore  contains  copper,  remove  it  from  the  acid  solution  by  sul- 
phuretted hydrogen,  evaporate  the  filtrate  with  nitric  acid,  dilute,  treat 
with  ammonia,  and  determine  the  zinc  as  above. 


17.  AXALYBia  OF  Cast  Jron,  Steel,  and  Wbouqht  Irok, 


<Wt  iron,  one  of  the  mcmt  important  products  of  met&Ilurgic  md<i» 
tiy,  contains  a  whole  aeries  of  ekinents,  niixeil  in  greater  or  let* 
proportion  with  the  iron,  or  combined  with  it.  Altbuugfa  the  influents 
which  the  various  foivign  snbEtAnces  mixed  with  the  iron  exertiiie  od 
the  quality  of  cast  iron  in  not  yet  accurately  known,  sti]I  the  fact  tilt 
tiisy  do  exercise  eonaidpi'ttble  inlluence  on  the  quality  of  the  article ii 
beyond  doubt.  The  analysia  of  cart  iron  is  one  of  tie  more  difficult 
jji-iiblema  of  analytical  ehemietry.  The  following  bodies  must  bcW 
re^rd  to  in  the  analysis : — 

/■ran,  carbon  combined  with  the  iron,  carbon  in  form  uf  graphiu,  ni- 
trogen, tllicon,  plioii>hnTu»,  sidphitr,  potassium,  sodium,  lithium,  cslci- 
um,  raagnesium,  aluminium,  chromium,  titanium,  zinc,  nionyaTww, 
cobalt,  nickel,  coppnr,  tin,  arsenic,  antimony,  Yanadium.  As  a  geDeral 
rule,  the  elements  in  italicH  alone  are  quantitatively  determined. 

Steel  and  wrought  iron  are  analysed  in  the  same  manner  as  cast  iiou. 


1.  DeUrmination  ofth«  Carbon, 

a.  If^ermiaation  of  the  total  amount  of  Carion, 

Metltod  of  Berzelius  (somewhat  modified.) 

Treat  about  3  grm.  of  the  cast  iron,  or  5 — 10  grm.  of  st«el,modft- 
rately  comminuted,*  with  a  neutral  concenti'aled  solution  of  chloride  of 
co|>per,  (made  by  mixing  hot  solutions  of  chloride  of  sodium  and  sulphate 
of  copper,  and  allowing  sulphate  of  soda  to  crystallize  out),  and  let  tha 
mixture  stand  at  the  common  temperature  f  with  occasional  stirring. 
In  5  or  C  hours,  or  as  soon  nn  the  part  remaining  undissolved  presents  a 
mixed  mass  of  copper  and  se]tarate<l  carbon,  iic,  crumbling  under  pres- 
sure, add  hydrochloric  acid,  and,  if  necessary,  some  more  chloride  of 
co|)]>er,  and  digest  until  the  whole  of  the  copper  is  dissolved  to  eubchlo- 
ride.  At  this  stage  of  tlie  process  a  gentle  heat  may  be  applied.  Filter 
thi-ough  a  tube  of  the  form  shown  in  fig.  100,  the  narrow  part  of 
which  is  loosely  stopped  with  spongy  platinum  or  asbestos,  ignit«d  in  a 
current  of  moist  air.  Wash  well,  diy  thoroughly,  and  treat  the  entire 
contents  of  the  tube  either  as  directed  §  176  or  §  178,     After  emptying 


[■  Best  by  drilling,  in  case  of  gray  pig  or  soft  Bt«eL  White  pig  ii  reduced  to 
powder  by  aid  of  the  steel  mortar.  ] 

f  On  warming,  a  small  qnantitj  of  gas  is  evolved,  which  contains  n  tritlijlg 
odmiztuie  of  carbonetted  hydrogen.  |  Sometimes  gna  esrakpes  at  ordinary  tern- 
peratares.  In  that  case  a  lump  of  ice  should  be  placed  in  the  veasel  at  fint 
Aft«r  on  boor  or  so  cooling  ia  mmecesaaty.  ] 
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the  tube,  rinse  with  a  little  chromate  of  lead  or  oxide  of  copper ;  if  the 
combustion  is  to  be  effected  in  a  boat,  in  a  current  of  oxygen  gas,  in 
order  that  the  incombustible  residue  may  be  examined,  rinse  with 
oxide  of  mercury. 

b.  Determination  of  the    Graphite, 

Treat  another  portion  of  the  cast  iron  with  moderately  con- 
oenti*ated  hydrochloric  acid,  at  a  gentle  heat,  until  no  more 
gas  is  evolved;  filter  the  solution  through  asbestos  that  has 
been  ignited  in  a  stream  of  moist  air  or  through  sj>ongy  pla- 
tinum (comp.  a,),  wash  the  undissolved  residue,  first  with 
boiling  water,  then  with  solution  of  potassa,  after  this  with 
alcohol,  and  lastly  with  ether  (Max  Buchner)  ;  *  then  dry, 
and  burn  after  §  176  or  §  178.  Direct  weighing  is  not  advi- 
sable, as  the  graphite  generally  contains  silicon.  Deduct  the 
graphite  obtained  here  from  the  total  amount  of  carbon  found 
in  a ;  the  difference  gives  the  combined  carbon. 


1^ 


I 


Fio. 
100. 


2.  Determination  of  the  Sulphur, 

The  safest  way  of  estimating  sulphur  in  cast  iron  is  the  following: — 
Put  about  10  grm.  of  the  substance,  in  the  finest  possible  state  of  divi" 
sion,  into  the  fiask  a  (fig.  101),  insert  the  cork,f 
containing  the  funnel-tubf  d  c,  and  the  evolution 
tube/*;  the  funnel-tube  is  provided  with  a  little 
mercury  at  i,  and  the  evolution  tube  is  connected 
with  two  U-tubes,  which  contain  a  strongly  alka- 
line solution  of  lead.  Fill  the  funnel  d  with  hy- 
drochloric acid,  and  suck  by  means  of  an  India- 
rubber  tube  at  the  exit  of  the  second  U-tube,  in 
which  a  small  glass  tube  is  inserted ;  the  acid 
will  thus  pass  into  the  flask.  Heat  the  flask. 
Bucking  in  more  acid  from  time  to  time  as  just 
described,  till  complete  solution  of  the  ii'on  is 
effected;  then  connect  the  exit  of  the  second 
U-tube  with  an  aspirator,  and  draw  air  through 
the  apparatus  for  a  long  time.  Collect  the  sul- 
phide of  lead  on  a  small  filter,  fuse  it  cautiously 
with  a  little  nitre  and  carbonate  of  soda,  soak  in 
water,  pass  carbonic  acid,  to  precipitate  traces  of 
dissolved  lead,  filter,  acidify  the  filtrate  with  hy- 
drochloric acid  and  precipitate  the  sulphuric  acid  with  chloride  of 
barium. 

To  make  quite  sure  that  you  have  left  no  sulphur  behind,  before 
throwing  away  the  contents  of  the  flask,  evaporate  the  solution  of  pro- 
tochloride  of  .iron,  to  drive  off  excess  of  hydrocldoric  acid,  and  test  it 
with  chloride  of  barium ;  also  fuse  the  undissolved  residue  with  nitre 


Fig.  101. 


•  Joum.  f.  prakt.  Chem.  72,  864. 

f  If  a  caoutchouc  stopper  were  used,  a  little  sulphur  would  not  be  unlikely 
to  get  into  the  residue :  the  caoutchouc  connections  must  be  desulphurized. 
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and  carbonate  of  soda,  and  test  the  aqueous  exti*act  of  the  fused  mass  foi 
sulphuric  acid.  As  a  rule  the  residue  will  be  found  free  from  sulphur. 
But  if  any  sulphate  of  baryta  is  obtained  again  here,  it  may  be  collected 
on  the  same  filter  which  has  received  that  produced  from  the  sulphide 
of  lead. 

[3.  JEJatimation  of  Phosphorue, 

In  case  of  cast  iron,  when  the  amount  of  phosphorus  present  exceeds 

1  per  cent.,  2  grm.  suffice  for  a  determination  ;  when  less  is  present  it  is 
best  to  take  at  least  3  grm.     Treat  with  aqua  regia  in  a  tall  beaker 
covered  with  a  watch-glass.     Digest  at  a  moderate  temperature  2  or  3 
hours,  or  till  effervescence  ceases,  then  remove  the  cover  and  evaporate 
to  dryness,  as  in  the  ordinary  way  of  separating  silica,  with  addition  of 
nitric  acid,  if  need  be,  to   remove  chlorine.     A  temperature  a  few  de- 
grees above  that  attainable  with  the  water-bath  may  be  used  to  hasten 
this  operation.     But  if  too  high  heat  is  used,  oxide  of  iron  will  remain 
undissolved  on  subsequent  treatment  with  hitric  acid ;  moreover,  pyro- 
phosphate may  be  formed  at  a  temperature  below  150°  C.     After  the  i-e- 
sidue  has  been  dried  sufficiently  to  make  the  silica  insoluble,  digest  with 
nitric  acid  till  the  iron  is  dissolved.     Separate  the  residue  by  filtering, 
and  reserve  it  for  determination  of  silicon.     To  the  filtrate  add  100 
c.  c.  of  molybdic  acid  solution.     If  after  the  addition  of  this  reagent  the 
solution  amounts  to  less  than  350  to  400  c.  c,  dilute  to  that  volume. 

Place  for  24  hours  in  a  warm  situation  where  the  temperature  does 
not  rise  above  40°  0.  Wash  the  precipitate  with  the  molybdic  solution, 
diluted  with  an  equal  volume  of  water,  letting  the  washings  run  into  the 
filtrate.  Then  allow  the  filtrate  to  stand  24  hours  or  more  in  a  warm 
place,  and  collect  any  appreciable  amount  of  phospho-molybdate  that 
may  separate.     Dissolve  and  reprecipitate  according  to  p.  271. 

Steel  (i5 — 10)  gnu.  may  be  dissolved  in  nitric  acid  of  1*20  sp.  gi*., 
and  evaporation  to  dryness  may  be  omitted  when  silicon  is  not  to  be 
estimated.] 

[4.  Estimation  of  Silicon, 

The  residue  from  the  solution  used  for  determining  phosphorus  may 
be  used  for  di't^riiiiiiiiig  silicon.  Igi»ite  it  without  separation  from  the 
filter  until  the  grai)l)ite  is  partially  burned  away.  Fuse  with  car- 
bonate of  soda  mix(jd  with  a  little  nitrate  of  potash,  sufficient  to  effect 
complete  corabustiou  of  the  carbon  still  present.  Treat  the  fused  mass 
first  with  boiling  water,  in  which  it  readily  dissolves,  except  some  silica 
in  lii^lib  flocculent  form,  and  traces  of  metallic  oxides.  Acidify  with 
hydrochloric  acid,  or  nitric  acitl,  in  case  the  solution  is  to  be  in  contact 
with  platinum,  and  sei)aiate  silica  as  usual.  When  the  quantity  of  silica 
is  not  over  1  per  cent.,  these  operations  may  be  most  conveniently  per- 
formed in  a  large  platinum  crucible  without  transferring  the  substance 
to  any  other  vessel.] 

[5.  Esthnation  of  Manganese  and  CohalU 

2  grm.  is  as  large  a  quantity  as  can  conveniently  be  treated  by  the 
method  here  proposed,  and  will  in  most  cases  suffice.     Where  less  than 

2  per  cent,   is  present,  and   gieat  accuracy  is  required,  it  is  uecessiuy 
perhaps  to  take  more.     Of  sjnegelelsen  1  to  \-  grm.  suffices.     Prepare  a 
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solution  of  the  iron  in  the  same  manner  as  for  phosphorus  (3).  A  highet 
tempeiuture  may,  however,  be  used  to  make  silica  insoluble,  and  hydro- 
chloric acid  may  be  used  for  redissolving.  Filter  from  the  residue  of 
carbon  and  silica  into  a  large  flask.  When  the  solution  is  cold,  add  car- 
bonate of  soda  as  long  as  the  precipitate  formed  by  it  can  be  redissolv- 
ed  by  sliaking  aud  letting  stand  a  few  minutes.  Next  add  12  to  15  c.  c« 
strong  acetic  acid,  and  the  same  volume  of  a  saturated  solution  of  ace- 
tate of  soda.  Dilute,  now,  the  solution  to  about  1  litre,  and  precipi- 
tate U'on  by  boiling.  Filter  and  wash  without  decantation,  as  long  as 
the  water  passes  freely  through  the  mass  upon  the  filter.  When  the 
washing  becomes  tedious,  on  account  of  slow  passage  of  water  through 
the  filter,  rinse  the  precipitate  from  the  filter  into  a  dish  with  a  jet  of 
water,  and  boil  with  a  moderate  amount  of  water  with  addition  of  a 
little  acetate  of  soda,  stii'ring  with  a  glass  rod  as  long  as  any  coherent 
lumps  of  precipitate  remain.  Bring  the  precipitate  back  again  upon 
the  filter  and  complete  the  washing.  Concentrate  the  filtrate  and  washings 
to  about  300  c.  c.  (or  less  if  too  much  saline  matter  is  not  present).  A 
little  iron  is  usually  present  in  this  filtrate  ;  sometimes  it  is  paitially 
deposited  during  the  evaporation.  In  order  to  sepai^te  the  manganese 
from  this,  and  from  the  large  quantity  of  saline  matter  in  the  liquid, 
preci[)itate  next  all  the  metallic  oxides  present  by  gradually  adding  car- 
bonate of  soda  to  the  boiUiig  solution  as  long  as  a  precipitate  is  formed, 
and  adding  at  the  close  a  few  drops  of  caustic  soda.  Filter,  wash 
the  precipitate  slightly,  dissolve  it  on  the  filter  with  hydrochloric  acid, 
and  separate  the  small  quantity  of  iron  in  the  new  solution  with  ace- 
tate of  soda.  For  this  purpose,  when,  as  usually  is  the  case,  but  little 
iron  is  present,  the  solution. need  occupy  but  a  small  volume  (100  c.  c). 
Add  carbonate  of  soda  as  long  as  no  permanent  precipitate  is  formed, 
then  2  or  3  c.  c.  of  the  acetate  of  soda  solution,  and  heat  gradually  to 
boiling.  Sometimes  when  this  solution  is  moderately  warmed,  and  car- 
bonic acid  has  mostly  escaped,  but  before  the  temperature  is  high  enough 
to  precipitate  the  iron,  the  solution  will  become  turbid  with  a  finely 
divided  white  precipitate.  If  this  happens,  add  acetic  acid  till  it  dis- 
solves, and  then  raise  the  heat  to  boiling.  Filter  fi:om  the  precipitated 
iron,  and  precipitate  tnanganeae  in  the  filtrate  with  bromine  (see  § 
223,2).  When  no  great  accuracy  is  required,  this  precipitate  may  be 
washed,  ignited,  and  weighed  as  protosesquioxide  of  manganese,  and 
metallic  manganese  calculated  from  it.  It  may,  however,  contain  cobalt, 
which  is  often  present  in  pig  iron,  and  possibly  traces  of  copper. 

To  detect  the  presence  of  cobalt,  dissolve  the  weighed  oxide  of  man- 
ganese in  a  few  drops  of  HCl,  heat  till  the  brown  color  imparted  by 
the  manganese  disap[)ears.  A  comparatively  small  amount  of  cobalt 
will  now  give  the  solution,  while  hot  and  concentrated,  a  bright  green 
color  that  disappears  on  diluting  with  cold  water.  Evaporate  the  solu- 
tion till  free  acid  is  expelled,  dissolve  in  a  small  quantity  of  water, 
add  acetate  of  soda  and  a  drop  of  acetic  acid,  heat  to  boiling  and 
transmit  HS,  which  will  precipitate  the  cobalt.  Collect  the  precipitate 
on  a  filter,  wash  rapidly  with  water  containing  HS.  Testing  this  pre- 
cipitate with  a  blowpipe  will  further  confirm  its  nature.  If  it  be 
judged  from  this  examination  that  cobalt  is  present  in  any  sensible 
quantity,  evaporate  the  filtrate  last  obtained  till  HS  is  expelled,  and 
precipitate  manganese  again  with  carbonate  of  soda,  and  weigh  it  ae 
protosesquioxide. 
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For  must  practical  purposes  suffidentlj  good  results  may  be  usually 
obttiiiied  in  the  analysis  of  apiegdeisen,  e.  g.,  by  separating  iron  from  a 
solution  of  0*5 — 0*7  grm.  as  above  described,  precipitating  the  con- 
centrated filtrate  directly  by  means  of  phosphate  of  soda  and  weighing 
the  manganese  as  pyrophosphate.     See  p.  185.] 

5.  Determination  in  one  portion  of  the  total  amounts  of  silicon^ 
iron^  manganese^  zinCy  cobalt^  nickely  alumina^  titanic  acid^ 
alkaline  eartJis  and  alkalies. 

Dissolve  about  10  grm.  of  the  cast  iron  in  a  capacious  platinum  dish,^ 
in  moderately  dilute  hydrochloric  acid,  evaporate  with  a  few  drops  of 
dilute  sulphuric  acid  on  the  water-bath  to  dryness,  till  the  mass  ceases 
to  siuell  of  hydrochloric  acid,  moisten  with  hydrochloric  acid,  heat,  add 
water,  filter,  wash  and  dry  the  precipitate.  Let  us  call  it  a.  Heat  the 
solution  in  a  porcelain  dish  with  nitnc  acid,  dilute  copiously  and  precipi- 
tate the  sesquioxide  of  iron,  <!bc.,  by  nearly  saturating  with  carbonate  of 
ammonia  and  boiling,  after  p.  302,  69.  Wash  and  dry  the  precipitate ; 
call  it  6. 

Mix  the  filtrate^  from  b  with  ammonia  in  slight  excess,  heat  till  the 
excess  of  ammonia  is  almost  expelled,  filter,  dissolve  in  hydrochloric  acid 
and  reprecipitate  in  the  same  manner.  Filter,  wash  and  dry  the  pre- 
cipitate ;  call  it  c. 

Acidify  the  filtrate  from  c  with  hydrochloric  acid,  concentrate  in  a 
porcelain  dish,  transfer  to  a  flask,  add  ammonia  and  sulphide  of  ammo- 
nium and  proceed  generally  as  directed  p.  184,  c.  After  24  hours,  filter 
the  precipitate  (d)  off,  waidi  it  with  water  containing  sulphide  of  ammo- 
nium, spread  the  filter  on  a  glass  plate,  rinse  the  precipitate  into  a  flask, 
treat  it  with  acetic  acid,  cork  and  set  aside. 

Evaporate  the  filtrate  fi*om  din  a,  platinum  dish  to  dryness,  expel  the 
ammonia  salts  at  the  lowest  temperature  possible,  and  in  the  i-esidue 
determine  the  alkaline  earths  and  alkalies.  For  this  pui*j)ose  precipitate 
the  lime  by  pure  oxalate  of  ammonia  repeating  the  precipitation  accord- 
ing to  29,  and  from  the  filtrate  separate  magnesia  according  to  16.  The 
alkalies  are  weighed  as  chlorides  and  potassa  is  finally  estimated  by  1, 

The  residue  a  contains  the  whole  of  the  bodies  insoluble  or  diflicultly 
soluble  in  hydrochloric  acid.  The  following  substances  may  be  present 
besides  carbon  and  silica,  viz.,  phosphide  of  iron,  chromium-iron,  vana- 
dium-iron, arsenide  of  iion,  carbide  of  iron,  silicon,  molybdenum,  &c., 
and  also  slag  in  a  more  or  less  altered  condition.  Titanic  acid  and  sul- 
})hat«  of  barytii  may  also  be  here  present.  Fuse  with  carbonate  of  soda 
and  potash,  and  a  little  nitre,  separate  the  silica  as  usual,  by  evaporating 
with  hydrocliloi-ic  acid  and  two  drops  of  dilute  sulphuric  acid,  weigh  it 
and  see  whether  it  is  pure  (comp.  p.  300) ;  the  impurities  most  likely  to 
be  present  are  sulphate  of  baryta  and  titanic  acid.  The  silicic  acid  may 
have  been  pai-tially  formed  from  silicon,  and  partially  present  as  such  in 
the  slag.  In  the  filtrate,  from  the  silicic  acid  separate  what  is  separable 
by  ammonia  by  double  precipitation,  filter  off  the  precipitate  (c),  then 
precipitate  with  sulphide  of  anmionium,  filter  off  the  precipitate  (</',  to 
be  treated  as  d)  and  finally  test  the  filtrate  for  alkaline  earths,  any  small 
quantities  of  which  found  can  then  be  weighed  with  the  somewhat  lai-ger 
amount  obtained  above. 

*  If  glass  or  porcelain  be  used,  the  estimations  of  the  silicon  and  alumin^'um 
cannot  be  considered  as  absolutely  exact. 
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Th3  precipitates  b,  c  and  c'  coutain  the  whole  of  the  sesqiiioxide  of 
iron  and  alumina,  also  that  part  of  the  titanic  acid  which  has  paysed 
into  solution.  Transfer  the  mixed  ignited  precipitates  to  sevei-al  plati- 
num or  porcelain  boats,  put  these  in  a  glass  tube  and  ignite  in  i)ure  hy« 
drogen,  till  no  more  steam  issues.  Treat  the  boats  and  their  contents 
-with  veiy  dilute  nitric  acid  (1  of  acid  to  30 — 40  of  water)  to  dissolve 
the  iron,  make  the  solution  up  to  1000  c.  c.  and  determine  the  iron  in  an 
aliquot  part  by  oxidation  and  precipitation  with  ammonia.*  Fuse  the 
resitlue,  which  was  insoluble  in  the  very  dilute  nitric  acid,  with  bisul- 
phate  of  potash,  take  up  with  cold  water,  filter  off  any  residual  silica, 
collect  and  weigh  it  and  add  the  weight  to  that  found  above  ;  pass  sul- 
phuretted hydrogen,  endeavor  to  precipitate  any  titanic  acid  that  may 
be  present  by  boiling  and  passing  a  stream  of  carbonic  acid,  boil  the  fil- 
trate or  the  clear  solution  with  nitric  acid,  precipitate  the  alumina  with 
ammonia,  and  separate  it  from  the  small  quantity  of  sesquioxide  of  iron 
that  may  possibly  be  present  by  the  method  given  p.  521  (precipitate.  II).- 
In  this,  as  in  that  case,  regard  must  be  paid  to  phosphoric  acid,  as  its 
presence  would  give  fictitious  weight  to  the  alumina.  If  chromium  were 
present,  its  oxide  would  likewise  have  to  be  separated  and  determined  in 
this  precipitate. 

The  precipitates  d  and  d'  have  given  up  to  the  acetic  acid  almost  the 
whole  of  their  sulphide  of  manganese.  Filter  ofi'  the  solution,  suspend 
the  residue  in  sulphuretted  hydrogen  water,  and  add  some  hydrochloric 
acid.  Under  these  circumstances,  the  sulphide  of  zinc  and  any  residual 
sulphide  of  manganese  are  dissolved,  while  the  sulj^hide  of  copper  (which 
is  not  here  estimated),  sulphide  of  nickel,  and  sulphide  of  cobalt  are  left 
behind.  Evaporate  the  hydrochloric  acid  solution  to  a  small  bulk,  boil 
with  excess  of  solution  of  soda,  precij)itate  any  zinc  from  the  solution 
by  sulphuretted  hydrogen,  dissolve  any  separated  hydrate  of  protoses- 
quioxide  of  manganese  in  hydrochloric  acid,  add  the  solution  to  the 
acetic  acid  solution,  and  determine  the  manganese  in  the  mixture. 
Incinerate  the  filter,  containing  the  sulphides  of  copper,  nickel  and 
cobalt,  dissolve  in  hydrochloiic  acid,  precipitate  with  sulphuretted  hy- 
drogen, and  in  the  filtrate  thus  freed  from  copper  estimate  the  nickel 
and  cobalt. 

6.  Determination  in  one  portion  of  ike  metals  of  Ghroupa  "V.  and 
VI.  and  of  the  jyhosjyhorua. 

Treat  10  grm.  of  the  cast  iron  in  the  fijiest  possible  state  of  division 
with  a  previously  heated  mixture  of  1  volume  of  nitric  acid  and  3  vol- 
umes of  hydrochloric  acid  (both  acids  must  be  pure  and  strong)  in  a 
very  capacious,  long-necked,  obliquely  placed  flask  at  a  gentle  heat. 
When  all  visible  action  has  ceased,  decant  the  solution  and  treat  the 
residue  with  a  fresh  portion  of  aqua  regia.f  Mix  the  solutions,  dilute 
copiously  and  treat  in  a  large  flask  with  sulphuretted  hydrogen,  at  first 
in  the  cold,  then  at  70°.     I  may  here  observe  that  the  solution  usually 

♦  It  is  not  advisable  to  determine  the  iron  in  a  separately  weighed  smaller 
quantity,  unless  the  sample  to  be  examined  is  perfectly  homogeneous. 

f  Instead  of  aqua  regia,  bromine  and  water  may  be  used.  The  solution  ffoea 
on  rapidly,  at  first  almost  violently,  if  the  bromine  is  in  excess  and  the  mixture 
^  digested  at  20 ' — 30  \  Toward  the  end  assist  the  action  by  the  heat  of  a  water- 
ba^h  (J.  NickDs).  If  this  method  is  employed,  I  should  still  recommend  that  the 
rek'''ne  be  treated  with  aqua  regia. 


snoiJLL  rxif. 

ibIj  tint  from  dissolved  organic  subfltiuicea,  eren  after  tlie 

if  iron  is  reduced.     Allow  the  fluid  (aaturuted  wiih  stil- 

VI  ojreu)   to  aattJe  for  34  hours,  filter,  dry  the  precipitate, 

,  cona         M-inripuJIy  of  sulphur,  and  exti-act  it  with   warm   bisul- 

"f  pBrr"    ,.     There  usually  remains  a  enial!   black  rpsiduo,  which 

besides  sulphide  of  copper,  a  little   sulphide  of  arsenic 

'f   sntimooy.      Separate   these,   or   generally   the    metala 

\h)i  &nd  sixth  groups,  etccording  to  the  methods  given  in 

d  tile  filtrate  from  the  aulpliuretted  hydrogen  precipitate  from  the 
as  of  the  gas  by  trtuisniission  of  csLrboiiio  acid,  add  a  littlu  pui-e 
iiichloride  of  iron,  nearly  neutmlize  the  solution  with  pure  carboa- 
of  soda  and  precipitate  with  oarbonalo  of  baryta  in  a  closed  flask. 


'  *ie  precipitate,  which  " 
i  by  tlie  oxidation  o: 
;id,  precipitate  the  baiyu 
■ail  bulk,  precipitate  the  phoi 
and  determine  it  after  p.  ST  ■ 
a  portion  of  the  phosphide 
qiia  regia,  fuse  the  residue  i 
■■'re,  and  test  the  aqueous  hu 
)iic  add. 


whole  of  the  phosphoric  acid 
lOrus  compounds),  with  hydro- 
ulphuric  acid,  fiitflr,  evaporate 
icid  v/ilii  solution  of  niolybde- 

nay  have  escaped  oxidation  by 
therein  with  carbonate  of  soila 
of  the  fused  maas  likewise  for 


18.  ANALYSIS  OF  MANURES. 

§231. 

I  SPEAK  here  simply  of  the  manures  which  owe  their  origin  to  the 
urine,  excrements,  blood,  bones,  &c.,  pf  animals,  or  are  prepared  by  the 
decomposition  of  apatite,  <kc.,  by  acids.  The  examination  of  manures 
has  chiefly  a  practical  object,  and  demands  accordingly  simple  methods. 
The  value  of  a  manure  depends  upon  the  nature  and  condition  of  its 
constituents.  The  following  constituent?  are  the  most  impoitant: — or- 
ganic matters  (characterized  by  their  carbon  and  nitrogen),  ammonia 
Raits,  nitiutes,  phosphates,  sulpha'tes,  and  chlorides  with  alkaline  and 
alkaline  earthy  bases  (potassa,  soda,  lime,  magnesia).  To  these  sub- 
stances we  know  the  efficacy  of  a  manure  is  owing,  but  as  to  the  condi- 
tion in  which  they  exercise  the  most  favorable  action,  our  views  are 
much  less  clear ;  indeed,  it  is  obvious  that  a  universally  applicable  and 
vali«l  rule  cannot  well  be  laid  down  in  this  respect ;  since  the  agricul- 
turist sometimes  wishes  a  manure  containing  most  of  its  constituents  in 
a  state  of  solution,  which  will  accordingly  exercise  a  speedy  fertilizing 
action,  and  sometimes  one  which  will  only  gradually  supply  the  soil  with 
the  substances  required  by  the  plants.  As  regards  the  insoluble  mate- 
rials of  manures,  it  may  be  safely  asserted  that  their  value  advances  in' 
proportion  as  their  degree  of  division  and  solubility  increases. 

1  will  here  give,  1,  the  outlines  of  a  general  method  of  examination 
applicable  to  almost  all  kinds  of  manures ;  2,  methods  of  valuing  guano 
and  manures  prepared  from  bones,  apatite.  Sic, 

A.  General  Process, 
§232. 

Mix  the  manure  uniformly  by  chopping  and  grinding,  then  weigh  off 
successively  the  several  portions  required  for  the  various  estimations. 

1.  Determination  of  tlie  Water, — Dry  10  grm.  at  125°,  and  deter- 
mine the  loss  of  weight  (§  29).  (It  is  rarely  necessary  to  make  a  cor- 
rection on  account  of  the  cai-bonate  of  ammonia  which  escapes  with  the 
water.*^ 

2.  Total  Amount  of  fixed  Constituents, — Incinerate,  at  a  gentle  heat, 
a  weighed  portion  of  the  residue  left  in  1,  in  a  thin  porcelain  dish; 
moisten  the  ash  with  a  solution  of  carbonat^e  of  ammonia,  dry,  ignite 
gently,  and  weigh. 

*  To  do  80,  dry  the  manure  in  a  boat  inserted  in  a  tube ;  the  tube  is  heated  to 
aOO'  in  the  water-  or  air-bath,  a  current  of  air  being  transmitted  through  it,  by 
means  of  an  aspirator :  the  air  enters  through  concentrated  sulphuric  acid,  and 
makes  its  exit  through  two  U-tubes  containing  standard  sulphurio  acid.  After 
drying,  the  quantity  of  ammonia  expelled,  which  has  combined  with  the  standard 
acid,  ia  determined  <g  00,  8). 


5(1  arsciAL  FABT,  [§S^32. 

3.  Contlituenta  totvtle  in  Wat&r,  and  iniolubt^  in  Water. — Digest  w 
gnu.  of  the  fresli  mimure  with  about  300  c.  o.  water,  collect  the  reaidF'*'* 
OD  a  weighed  filter,  wash,  dry  at  1 25°,  and  weigh.  The  weight  fou^ca*' 
expreeiiee  the  totAl  qiuuitity  of  the  substanceB  insoluble  in  water,  av^ 
the  difference — after  deducting  the  water  found  in  1 — gives  the  amoii*^' 
of  the  soluble  constituents.  Incinerate  now  the  insoluble  residue,  tn^^ 
with  carbonate  of  atomonia,  as  in  2,  and  wei^ ;  Uie  weight  exprm^^* 
tlie  total  amount  of  the  fixed  constituents  contained  in  the  insoliibff-  ^ 
part,  and  the  difference  between  this  and  the  ash  in  2  gives  the  tote^' 
amount  of  fixed  conBtituenta  contained  in  the  soluble  part.  

4.  t^ixed  ConttituenU  singly. — [Obtain  3 — 6  grin,  of  ash  according  to  ^' 
Treat  2  grm.  with  hot  dilute  hydrochloric  acid  untU  only  xnaolrMe  ma^— 
fgrt  (sand,  clay,  and  charcoal)  reaain,  which  filter  off,  wash,  ignite,  sncV 
weigiu  The  filtrate  and  washings  are  brought  to  the  bulk  of  200  c  c^ 
mixed,  and  divided  into  four  equal  parts. 

a.  To  60  o.  o.  add  ammonia  until  a  slight  permauent  prewpitale  vm 
formed,  then  enoua^  hydrochloric  acid  u,  ilissolve  this  predpitute,  liect 
to  boiling,  and  add  acetate  of  soda  as  li  mj;  an  a  precipitate  foruR,  wadi, 
ignite,  and  weigh.     Two  cases  may  here-  present  Uiemselves. 

a.  If  the  precipitate  before  ignition  ut-re  ved  it  contains  ail  the  iron, 
klumina,  and  phosphoric  acid.  In  this  cus^  disaolvc  it  in  concentrated 
hydrochloric  acid  with  cautious  additioi^i  of  Hulphurio  acid,  towai-ds  the 
last,  finally  evaporate  off  the  hydrochlmic  acid  (or  fate  with  carbonate 
of  soda  and  dissolve  in  sulphuric  acid)  luid  dut^rmiuo  the  sr»qiiioa^h  of 
H-on  volumetrically  (p.  203).  Afterwaiiln  in  the  sanie  liquid  dt-ttrmine 
photphoric  add  by  molybdic  solution  (p.  ^1\),  Calculate  aluwi/ia  by 
difference.  In  the  filtrate  from  the  Q^eutc  of  Hodn  precipitate,  dt-ter- 
juine  lim«  as  oxalate,  and  afterwards  ningnrma  ns  pyrophosphate,  so- 
cording  to  29,  p.  349. 

0.  If  tlie  jirecipitatft  before  ignition  were  nearly  white,  it  contains  all 
the  iron  and  alumina  nnJ  a.  portion  of  the  phosphoric  acid.  It  may  be 
analyzed  as  just  descjibeit,  or,  if  very  small  in  quantity,  half  of  it  may 
be  reckoned  as  phosphoric  acid  (ksc  ]fago  141).  From  the  filtrate  con- 
taining free  acetic  acid,  lintf,  is  precipi^ted  as  oxalate  (30,  P-  350),  the 
second  filtrate  in  then  neutralized  by  ammonia,  when  alt  the  magnesia 
and  a  portion  of  phosphoric  arid  go  down  as  animonio-phosphata  of 
magnesia;  the  third  filtrato  is  treated  with  magnesia-mixture  to  separate 
the  rest  of  the  photphoric  arid. 

b.  To  another  5(»  c.  c.  add  hot  concentrated  solution  of  caustic  baryta 
in  slight  excexs,  boil,  and  filter.  Tlie  filtrate  (and  washings)  containing 
only  alkali  chlorides  and  chlorides  of  barium  and  calcium,  is  treated  hot 
with  solution  of  carbonate  of  ammonia  and  some  caustic  ammonia,  fil- 
tered from  carbonates  of  baryta  and  lime,  the  liquid  evaporated  and 
ignited  to  expel  ammonia-salts,  and  this  process  repeated,  if  need  be, 
until  pure  alkali  chlorides  are  obtained  (see  p.  303,  last  paragraph),  in 
which  thapolaega  and  soda  are  determined  according  to  l,p.  339,  or  fi, 
p.  343. 

c  In  a  third  portion  of  50  c.  c,  estimate  sulphuric  acid  by  precipita- 
tion with  chloride  of  barium. 

The  fourth  50  c.  c.  is  ix-served  for  use  in  case  of  accidents.] 
d.   Determine   the   carbonic  ariil  in   another  portion  of   the  ash,  ss 
■  directed  p.  201,  cc,  or  p.  293,  e.     Filter  the  contents  of  the  flask   (in 
which  the  solution  has  been  effected  with  the  aid  of  dilute  nitric  acid), 
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^  precipitate  the  chlorine  with  solution  of  nitrate  of  silver,  as  directed 
§       141,  L,  a. 

5.  ToUd  amau/nt  of  Ammonia, — Treat  a  weighed  portion  of  the  ma- 
by  ScHLOSiNO^s  method  (p.  158,  6*). 

6.  Total  amount  of  Nitrogen, — Moisten  a  weighed  portion  of  the 
with  a  dilute  solution  of  oxalic  acid  in  sufficient  quantity  to  im- 

X>«rt  a  feebly  acid  reaction ;  dry,  and  determine  the  nitrogen,  in  the  en- 
"tire  mass  or  in  a  weighed  portion,  after  §  185.     If  you  deduct  from  the 
't^otal  amount  of  nitrogen  so  found  the  quantity  corresponding  to  the 
cunmonia  and  the  nitric  acid,  the  difference  shows  the  quantity  of  nitro- 
^a  contained  in  the  organic  substances.    It  is  generally  sufficient,  how- 
ever, to  know  the  total  amount  of  the  nitrogen. 

7.  Total  amownt  of  Carbon, — ^Treat  a  portion  of  the  dried  residue  of 
1  by  the  process  of  organic  analysis  (§189).  If  the  dried  manure  con- 
tains carbonates,  determine  the  carbonic  acid  in  a  separate  portion,  and 
deduct  the  result  from  the  total  amount  obtained  by  the  organic  analy- 
sis ;  the  difference  shows  the  quantity  of  carbonic  acid  formed  in  the 
latter  process  by  the  carbon  of  the  organic  substances. 

8.  Nitric  Acid, — Treat  a  weighed  portion  of  the  manure  with  water, 
and  evaporate  the  solution,  with  addition  of  pure  carbonate  of  soda  to 
distinct  alkaline  reaction;  filter  after  some  time,  then  evapoi*ate  the  fil- 
trate to  a  small  bulk,  and  determine  in  fractional  parts  of  it  the  nitiio 
acid.  As  the  solution  will  scarcely  ever  be  free  from  organic  matter, 
employ  Schlosino^s  method  (p.  331). 

B.  Analysis  of  Guano. 

§  233. 

Onano  consists  of  the  excrements  of  sea-fowls,  more  or  less  altered. 
It  not  only  varies  very  considerably  in  quality  in  the  different  islands 
from  which  our  supplies  are  derived,  but  is  often  also  fraudulently  adul- 
terated with  earth,  brick-dust,  carbonate  of  lime,  and  other  matters. 

The  guano  is  mixed  as  imiformly  as  possible,  and  that  which  is  in- 
tended for  analysis  is  put  into  a  stoppered  bottle. 

1.  Determination  of  tlie  Water, — This  is  eftected  exactly  as  on  p.  543 
(1).  In  exact  analyses  the  carbonate  of  ammonia  must  not  be  over- 
looked— (see  note).     Grenuine  guano  loses  from  7  to  18  per  cent. 

2.  Total  amount  of  fixed  Constituents, — Incinerate  a  weighed  portion 
in  a  porcelain  or  platinum  crucible  placed  in  a  slanting  position,  and 
weigh  the  ash.  Good  guano  leaves  from  30  to  33  per  cent,  of  ash,  guano 
of  bad  quality  from  60  to  80  per  cent.,  and  a  wilfully  adulterated  arti- 
cle often  even  more.  The  ash  of  genuine  guano  is  white  or  gray.  A 
yellow  or  reddish  color  indicates  adulteration  with  loam,  sand,  or  earth. 
In  the  first  stage  of  the  decomposition  by  heat,  good  guano  emits  a 
strong  ammoniacal  odor  and  white  fumes. 

3.  Constituents  soluble  in  Water ^  and  insoluble  in  Water, \ — Heat  10 

^  Small  quantities  of  ammonia  are  determined  with  ({Abnormal  snlphurio  acid. 

f  It  must  be  mentioned  that  the  quality  and  quantity  of  the  constituents  solu- 
ble in  water  are  by  no  means  constant  for  the  same  guano.  Liebig  (Annnl.  d. 
Chem.  u.  Pharm.,  119,  13)  has  shown  that  the  kind  of  salts  which  pass  into  koIu- 
tion  varies  according  to  whether  one  filters  the  solution  off  immediately  or  after 

35 


546  SPECIAL  PABT.  [§  233. 

grni.  guano  with  about  200  c.  c.  water,  collect  the  I'esidue  on  a  weighed 
filter  without  delay,  and  wash  it  with  hot  water,  until  the  water  running 
off  looks  no  longer  yellowish  and  leaves  no  residue  when  evaporated 
upon  platinum  foil ;  dry  the  residue,  and  weigh.     Deduct  the  sum  of 
the  water  and  the  residue  from  the  weight  of  the  guano  ;  the  remaindei 
expresses  the  amount  of  the  soluble  constituents.     Incinerate  the  resi- 
due and  weigh  the  ash ;  the  difference  shows  the  amount  of  the  fixed 
soluble  salts.     With  very  superior  sorts  of  guano,  the  residue  insoluble 
in  water  amounts  to  from  50  to  55  per  cent.,  with  inferior  sorts,  to  from 
80  to  90  per  cent.     The  brown-colored  aqueous  solution  of  genuine 
guano  evolves  ammonia  upon  evaporation,  emits  a  urinous  smell,  and 
leaves  a  brown  saline  mass,  consisting  chiefly  of  sulphates  of  soda  and 
potassa,  chloride  of  ammonium,  oxalate  and  phosphate  of  ammonia. 

4.  Fioced  Canstitiients  singly. — As  in  §  232. 

5.  Total  anwunt  of  Ammonia.  " 
(').    Total  amount  of  Nitrogen,  " 

7.  Total  amount  of  Carbon.  ** 

8.  Nitric  Acid.  '' 

9.  Carbonic  Acid, — Employ  one  of  the  methods  §  1 39,  II.  Genuine 
guano  contains  only  a  small  proportion  of  carbonates.  If,  therefore,  a 
guano  effervesces  strongly  when  moistened  with  dilute  hydrochloric 
acid,  this  may  be  regarded  as  a  proof  of  adulteration  with  carbonate  of 
lime. 

10.  Uric  Acid. — If  it  is  wished  to  ascertain  the  quantity  of  uric  acid 
which  a  guano  contains,  treat  the  part  insoluble  in  water  with  a  weak 
solution  of  soda  at  a  gentle  heat,  filter,  and  acidify  the  filtrate  with  hy- 
drochloric acid,  to  precipitate  the  uric  acid.  Collect  on  a  weighed  filter, 
wash  cautiously  with  the  least  possible  quantity  of  cold  water,  dry,  and 
weigh. 

11.  Oxalic  Acid. — As  appears  from  the  note  to  3,  the  oxalate  of 
ammonia  in  guano  plays  an  inipoi-taiit  part  with  respect  to  the  solution 
of  the  phosphate  of  lime.  It  is,  thercifore,  frequently  a  matter  of  inter- 
est to  determine  the  oxalic  acid.  This  is  best  done  in  a  separate  por- 
tion after  §  137,  d,  /?.  A  little  dilute  sulphuric  acid  is  first  made  to  act 
ui)OTi  the  guano,  till  all  the  carbonic  acid  is  expelled,  the  sulphuric  acid 
is  then  neutralize'!  with  solution  of  soda  free  from  carbonic  acid,  the 
manganese  is  added  and  the  decomposition  is  effected  with  dilute  sul 
phnric  acid.  I  prefor  to  conduct  the  decomposition  in  the  ap])aratus 
figured  p.  294,  collecting  the  carbonic  acid  in  a  weighed  soda-lime 
tube. 

As  the  manuring  value  of  a  sample  of  guano  may  be  estimated,  with 
BuflScient  accuracy,  from  the  phosphoric  acid  and  nitrogen  which  it  con- 
some  time.  In  the  first  case,  the  solution  contains  much  oxalate  and  little  phoa 
phate,  together  with  some  sulphate  of  ammonia ;  in  the  second  ca«ie,  the  oxalate 
of  ammonia  is  more  or  less  completely  replaced  by  phosphate  of  ammonia,  the 
oxalic  acid  having-  combined  with  lime  in  the  residue.  The  cause  of  this  deport- 
ment is  that  phosphate  of  lime,  although  when  in  contact  with  oxalate  of  ammo- 
nia and  water  alone  it  scarcely  suffers  any  change,  is  very  soon  converted  into 
oxalate  of  lime,  with  formation  of  phosphate  of  ammonia,  when  sulphate  of  am- 
monia (or  chloride  of  ammonium)  is  also  present.  The  sulphate  of  ammonia 
renders  the  phosphate  of  lime  somewhat  soluble,  the  dissolved  part  is  at  once 
precipitated  by  the  oxalic  acid,  and  the  sulphate  of  ammonia  is  thus  enabled  tc 
act  afresh  upon  the  phosphate  of  lime. 
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tains,  the  analysis  is  often  considerably  shortened,  and  confined  to  the 
£>iiowing  processes : — 

a.  Determinatian  of  Water  (see  1). 

b.  Determination  of  Ash  (see  2). 

c.  Determination  of  Plwspluyric  Acid, — Mix  1  part  (1  or  2  grm.)  of 
the  sample  of  gnano  with  1  part  of  carbonate  of  soda  and  1  part  of 
Ditrate  of  potassa ;  ignite  cautiously,  dissolve  the  residue  in  hydrochlo- 
ric acid,  evaporate  to  dryness  on  the  water-bath,  treat  with  hydrochlo- 
ric acid  and  water,  filter,  add  ammonia  to  the  filtrate  to  alkaline  reac- 
tion, then  acetic  acid  until  the  phosphate  of  lime  is  redissolved,  and 
lastly — without  previously  filtering  off  the  very  trifling  precipitate  of 
phosphate  of  sesquioxide  of  iron — acetate  of  sesquioxide  of  uranium,  and 
determine  the  phosphoric  acid  as  directed  p.  272,  c, 

d.  Determination  of  N^itrogen^  after  §  185. — As  mixing  the  guano  in 
the  mortar  with  soda-lime  would  be  attended  with  escape  of  an  appre- 
ciable amount  of  ammonia,  it  is  advisable  to  effect  this  operation  in  the 
combustion  tube,  with  the  aid  of  a  wire  (comp.  pp.  426 — ^). 

C.  Analysis  op  Bone  Dust 

§  234. 

There  are  three  sorts  of  bone  dust. 

L  The  powder  obtained  by  the  grinding  of  more  or  less  fresh  bones, 
which  is  generally  very  coarse.* 

II.  The  powder  obtained  by  the  grinding  of  more  or  less  decayed 
bones. 

III.  The  powder  of  bones  which,  previous  to  the  operation  of  grind- 
ing, have  been  submitted  to  the  action  of  boiling  water,  or  high-pressure 
steam. 

I.  is  very  coarse,  and  contains  a  relatively  large  proportion  of  fat  and 
of  gelatigenous  matter.  II.  is  considerably  poorer  in  organic  substimces. 
III.  is  much  finer  than  I.  and  II. ;  it  contains  haidly  any  fat,  and  is 
somewhat  poorer  in  gelatigenous  matter. 

1.  Examine  the  powder,  in  the  first  place,  by  careful  inspection, 
sifting,  and  elutriation,  to  ascertain  the  degi*ee  of  comminution,  and  the 
presence  of  foreign  matters. 

2.  Determination  of  th^   Water. — Dry  a  sample  at  125°. 

3.  Total  amount  of  fixed  Constituents. — Ignite,  about  5  grm.,  with 
access  of  .air,  until  the  ash  appears  white;  moisten  with  carbonate  of 
ammonia,  dry,  ignite  gently,  and  weigh  the  residue. 

4.  Fiaced  Constituents  singly, — Treat  the  ash  of  3  with  dilute  hydro- 
chloric acid,  filter  off  the  insoluble  portion  (sand,  <&c.),  and  determine 
the  sesquioxide  of  iron,  lime,  magnesia,  chloride  of  sodium,  and  phos- 
phoric acid  in  the  solution  as  directed  §  232,  4. 

5.  Nitrogen. — Ignite  0*5 — 0*8  grm.  with  soda-lime  (§185). 

6.  Fat, — Exhaust  5  grm.  of  the  sample  (ground  as  finely  as  possible), 
by  boiling  with  ether,  and  dry  the  residue  at  125°.  The  loss  of  weight 
minus  the  moisture  found  in  2,  shows  the  amount  of  fat.     By  way  of 

•  [**  Flour  of  bone"  obtained  from  fresh  bones  contains  several  per  cent  of 
oomiuoo  salt  to  preserve  it  from  putrefaction.] 
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control,  the  ether  may  be  distilled  off,  and  the  residua]  fet  weighed,  care 
being  taken  to  leave  no  water  under  the  fat. 

7.  Deduct  from  the  total  weight  the  sum  of  the  fixed  constituents^ 
carbonic  acid,  water,  and  fat ;  the  difference  expresses  the  gekUigenaus 
tnatter, 

8.  Determine  the  carbonic  add  after  p.  293  e. 


D.  Analysis  of  Superphosphate. 

§  235. 

Substances  which  contain  basic  phosphate  of  lime  in  a  difficultly  solu- 
ole  condition,  are  often  converted  into  so-called  superphosphate ^  for  the 
purpose  of  rendering  the  phosphoric  acid  soluble,  and  conseqilently  more 
readily  accessible  to  plants.  This  is  done  by  subjecting  them  to  the 
action  of  a  certain  quantity  of  acid,  usually  sulphuric  (occasionally  as- 
sociated with  hydrochloric),  by  which  sulphate  of  lime  (and  chloride  of 
calcium),  acid  phosphate  of  lime  and  phosphoric  acid  are  formed.* 

The  following  bodies  are  employed  for  the  preparation  of  superj>hos- 
phate,  viz.,  spent  bone-black  from  sugar  refineries,  coprolite,  apatite, 
phosphorite,  Baker  guano,  precipitated  basic  phosphate  of  lune  from 
glue  works,  and,  more  rarely,  bone  dust. 

As  it  is  unusual  to  employ  enough  acid  to  set  the  whole  of  the  phos- 
phoric acid  free,  the  superphosphates  generally  consist  of  mixtures  of 
sulphate  of  lime  (and  chloride  of  calcium),  basic  phosphate  of  lime,  phos 
phate '  of  sesTjuioxide  of  iron,  phosphoiic  acid,  and  water.  Carbon  oi 
organic  matter  (containing  nitrogen)  is  frequently  also  present.  Their 
quality  is  very  variable,  according  to  the  raw  material  employed  and  the 
method  of  treatment,  but  they  all  'dgntc  iu  this,  that  they  consist  of  sub- 
stances (a)  readily  soluble  in  water,  (6)  diJSicultly  soluble  in  water,  and 
{c)  insoluble  in  water. 

Before  we  can  judge  of  the  value  of  a  superphosphate  it  is  abso- 
lutely nocessj^iry  to  know,  not  merely  the  quantity  of  the  constituents, 
but  how  they  are  combined  and  how  they  deport  themselves  with  sol- 
vents ;  hence  the  analysis  becomes  somewhat  complicated. 

1.  Dry  about  3  grm.  of  the  sample  at  lOO — 180°.  The  loss  of  weight 
expresses  a,  the  moisture  /  6,  the  ivater  of  the  sulphate  of  lime. 

2.  Triturate  10  grm.  of  the  undried  superphosphate  in  a  dish  with 
cold  water  by  the  aid  of  a  pestle,  till  all  the  lumps  are  completely  bro- 
ken down,  allow  to  settle,  pour  olf  the  clear  supernatant  fluid  through  a 
filter,  and  repeat  the  extraction  with  cold  water,  till  the  fluid  no  longer 
shows  acid  reaction.  Dilute  the  aqueous  solution  so  obtained  to  500 
c.  c,  and  dry  the  residue  at  about  100°. 

3.  Divide  the  aquaous  solution,  which  genei*ally  appears  yellow  from 
the  presence  of  organic  matter,  into  4  portions,  viz.,  a,  6,  and  c,  of  100 
c.  c.  each,  and  (/,  of  200  c.  c. 

a.  Evaporate  in  a  platinum  dish,  adding,  after  some  time,  cautiously, 
thin  milk  of  lime  just  to  distinct  alkaline  reaction;  proceed  with  the 
evaporation,  dry  the  residue  at  180°,  and  weigh;  ignite  the  weighed 

—         -  -  - 

*  Comp.  Ueinh.  Weber,  Pogg.  Annal.  109,  505. 
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residue  and  weigh  again :  the  difference  between  the  two  weighings  ex- 
presses the  quantity  of  organic  nuvtter  in  the  aqueous  solution.  Boil 
the  residue  with  pure  lime-water,  then  with  water,  filter,  pi*ecipitate  the 
sulphuric  acid  from  the  filtrate  by  addition  of  a  little  chloride  of  barium, 
then  the  baryta  and  lime  by  carbonate  of  ammonia,  and  determine  th« 
oLkdllejf  as  chlorides  according  to  p.  34 5,  15» 

h.  Precipitate  with  chloride  of  barium,  and  determine  the  avlphurio 
acid  in  the  usual  way  (§  132,  I.,  1). 

r.  Serves  for  the  determination  of  any  hydrocJdoric  acid  after  §  141. 
Orj^anic  matter,  if  present  in  large  quantity,  is  destroyed  as  in  <L 

d.  Add  an  excess  of  carbonate  of  soda  and  a  little  nitrate  of  potassa, 
and  evaporate  to  dryness  in  a  j)latinum  dish.  Ignite  the  residue  gently, 
th  *n  soften  with  water,  rinse  into  a  beaker,  add  hydrochloric  acid,  and 
a])ply  a  gentle  heat  until  complete  solution  is  effected.  Add  to  the 
cl':»ar  fluid,  ammonia,  then  acetic  acid  in  excess  ;  filter  off  tJie  p1u>.^phaU 
of  sesquioxide  of  iron,  and  divide  the  filtrate  into  two  equal  portions. 
I)tftormine  in  one  the  2^^^ffp^^oric  acid*  with  uranium  solution  either 
Criivimetrically,  after  p.  272,  c,  or  by  the  volumetric  method,  p.  274. 
Estimate  in   the   other  portion   the  lime  and  magnesia  as  diiected  p. 

3+!l,29. 

4.  Transfer  the  residue  of  2  to  a  weighed  platinum  dish,  add  the  ash 

of  the  filter,  dry  at  180°,  and  weigh.  The  weight  expresses  the  total 
amount  of  substances  insoluble  in  water.  Now  ignite  gently,  with  access 
of  air,  until  the  whole  of  the  organic  matter  and  charcoal  is  burnt ;  the 
loss  of  weight  indicates  the  amount  of  these  latter. 

5.  Boil  the  residue  of  4  with  dilute  hydrochloric  acid  ;  after  boiling 
for  some  time,  dilute  with  water,  filter,  and  dilute  the  filtrate  by  means 
of  the  washing  water  to  ^  litre ;  treat  the  insoluble  residue  as  directed 
in  7. 

6.  Of  the  hydrochloric  acid  solution  obtained  in  5,  measure  off  two 
portions,  one  of  50,  the  other  of  100  c.  c.  In  the  former  determine  the 
Sfdphuric  acid^  in  the  latter  the  phosphate  of  sesquioxHe  of  iron  (if 
present),  linie,  rtiagnesia^  and  phosphoric  acid*  as  in  3,  6  and  d, 

7.  Dry,  ignite,  and  weigli  the  insoluble  residue  of  5.  It  generally 
consists  only  of  sancl,  claj/,  and  siUric  acuL  To  make  quite  sure,  how- 
ever, boil  with  concentrated  hydrochlonc  acid  ;  should  some  more  sul- 
phate of  lime  be  dissolved,  determine  the  amount  of  this  in  the  solu- 
tiou. 

8.  Lastly,  determine  the  nitrogen  in  0*8 — 1  grm.  of  the  super[)hos- 
phate  (§  185).  In  arranging  the  results,  it  must  not  be  forgotten  that 
the  nitrogen  is  part  of  the  organic  matter  ])reviously  detennined. 

9.  Should  the  superphosphate  contain  an  ammonia  salt,  determine 
the  ammonia  as  directed  p.  157,  3,  a. 

As  regards  the  statement  of  the  results,  the  following  plan  presents  a 
very  good  bird's-eye  view  of  the  analysis : — 


*  [  Many  superphosphates  contain  considerable  quantities  of  phosphates  of  iron 
and  alumina  which  are  to  some  extent  extracted  hy  water.  In  such  cases  the 
above  method  will  not  g^ve  good  results,  but  both  the  soluble  and  insoluble 
phosphoric  acid  must  be  separated  by  means  of  molybdic  solution,  either  from  the 
original  mlution  in  water  or  hydroohlorio  acid,  or  from  the  acetate  of  ammonit 
precipitate.     See  p.  271.] 
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Anhrdroa* 
pbt»*i»ht>rlc    NIti 
acid. 


0-50 


/"Hydrate  of  pbosphoric  add  (3  H  O,  PO*) .     16  16      11-70 
Con«titnent8    Lime,  1  dissolved  by,  or  oom-' 

i^adily  solu- niagnesia,  i      bined  with,  the  free 

ble  in  water,  ^^^^ox,  iron,  j     pho«phoric^acid 

Constituents  ] 
Bolataein    [  ^nlphate  of  lime  (CaO,  S0,+2  aq.) 42-00         — 

water.       J 

n     o+f  «  *    fPhosphoric  acid 219      219 

^lublG  S   i  ^^™®'  )      combined  with  the    ) 

acidfl         [Magnesia,  >■  phosphoric  acid  to  more  >•      1*01         — 

(^  Sesqoiox.  iron,  )       or  less  basic  salts       ) 
Ck>n8titaents ) 

insoluble  in  >  day  and  sand 2*49         —         - 

acids.        j 

Organic  constitnents  and  carbon 6*51         —       0'41 

Moisture 2915         —  - 


100-00      13  89      0*41 

It  will  be  seen  that  we  calculate  tbe  sulphuric  acid  found  in  solution 
and  residue  into  sulphate  of  lime,  and  add  both  the  quantities  together. 
The  residual  quantities  of  lime  in  the  solution  and  the  residue,  i,e.^  the 
portions  not  combined  with  sulphuric  acid,  are  then  put  down  as  above. 
If  the  superphosphate  was  prepared  with  sulphuric  and  hydrochloric 
acids,  the  chlorine  in  the  aqueous  solution  is  to  be  calculated  into  chlo- 
ride of  calcium,  and  the  lime  corresponding  thereto + the  lime  combined 
with  sulphuric  acid  is  to  be  deducted  from  the  total  quantity  found  in 
the  aqueous  solution.     The  remainder  is  then  to  be  put  down  as  dia- 
solved  by,  or  combined  with,  phosphoric  acid. 

[Abridged  Analysis  of  Superphosphates. 

§  236. 

For  most  ordinary  purposos  it  is  sufficient  to  estimate  on  1  grm. — 

A.  Water  exj^elled  at  100°  by  drying  in  water-bath. 

B.  Orr/amc  and  other  volatile  matters  by  gentle  ignition  and  incine- 
ration of  A  until  carbon  is  mostly  consumed. 

C.  ^^and  and  insoluble  matters  by  treatment  of  the  residue  of  B  with 
nitric  acid. 

D.  7\)t(d  phosphoric  acid  in  -j^  of  the  solution  C  by  means  of  molyb- 
dic  solution,  when  iron  and  alumina  are  present  in  quantities  of  over 
■J-  per  cent. ;  or,  in  absence  of  iron  and  alumina,  by  titration  with  stand- 
ard uranium  solution. 

E.  Solnhle  ]}hosphoric  acid  by  treating  10  grm.  as  directed  above, 
§  23."),  2  and  cHtimating  phosphoric  acid  in  aliquot  j)arts  (50  c.  c.)  of  the 
solution,  ^vith  uranium  or  molybdic  solution — see  foot-note  p.  549. 

F.  Nitrofjen  in  0-n  grm.  by  combustion  with  soda  lime,  §  185. 
More   important  than   determining  the  quantities  of  lime,  magnesia, 

A'C,  is  a  study  of  tbe  condition  of  the  phosj)hates  insoluble  in  water,  and 
of  the  nitrogen.  The  former  are  much  more  valuable  as  fertilizers 
when  existing  as  bone-earth  than  when  composed  of  crystallized  apatite 
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^^   compact  coprolite.     The  latter  in  gelatine  or  blood  is  very  active, 
^^iiile  in  the  form  of  leather  shavings  it  is  nearly  inert.] 

E.  Analysis  of  Bone  Black. 

§237. 

Bone  black  is  extensively  employed  for  decolorizing  and  removing  the 
Xime  from  the  juice  in  the  preparation  of  beetroot  sugar,  and  in  the  re- 
eling of  cane  sugar.  When  freshly  prepared  it  consists  of  a  mixture  of 
1t>one  earth  with  7 — 10  per  cent,  of  carbon,  but  on  use  it  takes  up  lime, 
coloring  matter,  mucilage,  <fec.,  from  which  it  in  freed  during  the  pi-ocess 
of  reanimation,  by  washing,  treating  with  hydrochlonc  acid,  washing 
again,  drying  and  igniting.  When  at  last  it  is  thoroughly  used  up,  or 
**  spent,"  it  passes  into  the  manure  maiiufactoiies,  and  is  then  generally 
applied  to* the  preparation  of  superphosj)hate.  As  the  bone  black  is 
much  altered  and  contaminated  by  the  numerous  operations  through 
which  it  passes,  its  value  varies  very  considerably,  and  can  only  be  es^ 
timated  by  analysis.  Again,  before  being  submitted  to  the  i*evivifying 
process,  bone  black  always  requires  testing,  in  order  that  it  may  be 
known  how  much  hydrochloric  acid  it  is  necessary  to  employ ;  in  this 
case  we  have  to  find  the  quantity  of  the  lime  which  is  not  combined 
with  phosphoric  acid  (and  which  is  usually  present  in  the  form  of  carbo- 
nate of  lime). 

We  describe,  in  the  fii"st  place,  the  ordinary  method  of  analyzing 
bone  black,  and  then  a  process  for  determining  the  carbonate  of  lime. 

General  Process. 

1.  Dry  2 — 3  grm.  at  160 — 180°.  The  loss  of  weight  indicates  the 
moisture, 

2.  Dissolve  5  grm.  in  the  flask  a  of  the  apparatus  figured  p.  293,  and 
determine  the  carbonic  acid  as  there  described. 

3  Filter  the  solution  through  a  weighed  filter,  wash  the  residue, 
dry  at  100°,  and  weigh.  This  will  give  you  the  sum  of  the  charcoal, 
the  insoluble  organic  matter  and  the  mineral  impurities  insoluble 
in  hydrochloiic  acid  (sand  and  clay).  Now  ignite  the  dried  filter 
with  access  of  air.  This  will  give  you  the  sand  and  clay  as  the  resi- 
due.    The  charcoal  and  insoluble  organic  matter  is  found  by  difference. 

4.  Make  the  filtrate  obtained  in  3  up  to  250  c.  c.  and  determine  in 
100  c.  c.  irony  lime,  maf/nesiay  and  phosphoric  acid,  in  50  c.  c.  the  sul- 
phuric acid  that  may  be  present,  and  in  the  last  100  c.  c.  the  alkalies 
possibly  present  according  to  §  232,  6.  p.  544. 

5.  Dissolve  another  weighed  poi*tion  of  the  substance  in  dilute  nitric 
acid,  dilute  and  determine  in  the  filtrate  the  hydrochloric  acid  possibly 
present. 

Process  for  Determining  the  Carbonate  of  Lime  or  the  Car- 
bonate OF  Lime  and  Caustic  Lime. 

§238. 

For  determining  carbonate  of  lime  3  grm.  of  the  bone  black  are  dried 
BXkii  powdered  as  finely  as  possible.     Estimate  cai'bonic  acid  according  to 
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g^  p.  298y  from  this  calculate  the  carbonate  of  lime.  If  a  bone  black 
contains  hydrate  of  lime,  moisten  a  portion  wei^^ed  off  in  a  porcelain 
dish  with  10 — 20  drops  of  carbonate  of  ammonia,  evi^rate  to  dryness, 
heat  the  residue  somewhat  more  strongly  (but  by  no  means  to  ignition), 
and  transfer  without  loss  to  the  decomposing  oottle.  Galcuhite  as  be- 
fore ;  the  excess  over  the  first  estimation  is  carbonate  equivalent  to  the 
caustic  lime  present. 

§  239.  I 

19.  [Akaltsib  of  Coal  ahd  Pbat. 

For  technical  purposes,  estimations  of  moiBtuie,  ash,  coke,  and  TolatOe 
matters  usually  sufBce.  Determination  of  sulphur  is  less  frequently 
required,  and  ultimate  analysis  is  only  resorted  to  in  special  cases. 

a.  Moiitwrt,  The  finely  pulverised  coal  (3 — 5  grm.)  is  heated  tc 
110 — 1 15^  for  an  hour  or  more,  or  until  it  ceases  to  lose  weight  (see  1 29). 
Many  bituminous  coals  gain  weight  after  a  time  from  oxidation  oi  sul* 
phides  or  hydro-carbons  (  Whitmkt).  Accordixig  to  HnrniCHS,*  diyii^ 
the  coal  for  one  hour  effects  the  maximum  loss. 

h,  Cohe  and  vokoUe  matiert.  The  dried  coal  of  a  is  sharply  heated 
in  a  closed  platinum,  or,  in  presence  of  sulphides,  in  a  porcelain  crucible 
as  long  as  combustible  matters  issue  from  it.  It  is  then  cooled  quickly. 
The  loss  is  set  down  as  volatile  matters.  The  residue,  less  the  ash,  is 
coke. 

e.  Ask.    The  residue  of  5  is  incinerated  in  a  crucible  placed  aalani. 
d.   Carbon  and  hydrogen  are  determined  by  combustion  with  chromata 

of  lead  and  bichromate  of  potash,  §  177. 
«.  Nitrogen  is  estimated  according  to  §  185. 

f.  Sulphwr  is  determined  as  directed  §  219,  c.  p.  515,  but  the  evapora- 
tion with  hydrochloric  acid  is  omitted,  and  the  sulphate  of  baryta,  after 
decanting  the  supernatant  liquid  upon  a  filter,  is  boiled  up  two  or  three 
times  with  dilute  solution  of  acetate  of  ammonia^  to  free  it  from  adhering 
salts.     Storer  and  Pkarsok.] 

•  Chemical  News,  19,  281. 


m.  ANALYSIS  OF  ATMOSPHERIC  AIR 

§  240. 

In  the  analysis  of  atmospheric  air  we  usually  confine  our  attention  to  fl  e 
following  constituents :  oxygen,  nitrogen,  carbonic  acid,  and  aqueous 
vapor.  It  is  only  in  exceptional  cases  that  the  exceedingly  minute  quan- 
tities of  ammonia  and  other  gases — many  of  which  may  be  assumed  to 
be  always  present  in  infinitesimal  traces — are  also  determined. 

It  does  not  come  within  the  scope  of  the  present  work  to  describe  all 
the  methods  which  have  been  employed  in  the  capital  investigations 
made  in  the  last  few  years  by  Brunner,  Bunsen,  Dumas  and  BoussiN- 
OAULT,  Reonault  and  Reiset,  and  others.  To  these  methods  we  are 
indebted  for  a  more  accurate  knowledge  of  the  composition  of  our  atmo- 
sphere, and  excellent  descriptions  of  them  will  be  found  in  the  works 
below.* 

I  confine  myself  to  those  methods  which  are  found  most  convenient  in 
ihe  analysis  of  the  air  for  medical  or  technical  purposes. 

A.   DETERMiyATION   OP   THE   WaTER   AND   CaRBONIC   AcID, 

§  2^1. 

It  was  formerly  the  custom  to  effect  these  determinations  by  Brunner's 
method,  which  consisted  in  slowly  drawing,  by  means  of  an  aspii-ator,  a 
measured  volume  of  air  through  accurately  weighed  apparatuses  filled 
with  substances  having  the  property  of  retaining  the  aqueous  vapor  and 
the  carbonic  acid,  and  estimating  these  two  constituents  by  the  increased 
weights  of  the  apparatuses. 

Fig.  102  represents  the  arrangement  recommended  by  Regnault. 

The  vessel  V  is  made  of  galvanized  iron,  or  of  sheet  zinc ;  it  holds 
from  50  to  100  litres,  and  stands  upon  a  strong  tripod  in  a  trough  large 
enough  to  hold  the  whole  of  the  water  that  V  contains.  At  a  a  brass 
tube  c,  with  stopcock,  is  firmly  fixed  in  with  cement.  Into  the  aperture 
6,  which  serves  also  to  fill  the  apparatus,  a  thermometer  reaching  down 
to  the  middle  of  T^  is  fixed  air-tight  by  means  of  a  perforated  cork 
soaked  in  wax. 

The  efflux  tube,  r,  which  is  provided  with  a  cock,  is  bent  slightly  up- 
ward, to  guard  against  the  least  chance  of  air  enteiing  the  vessel  from 
below.  The  capacity  of  the  vessel  is  ascertained  by  filling  it  completely 
with  water,  and  then  accurately  measuring  the  contents  in  graduated 
vessels.  The  end  of  the  tube  c  is  connected  air-tight  with  J^,  by  means 
of  a  caoutchouc  tube ;  the  tubes  A — jP  are  similarly  connected  with  one 
another.    A,  i?,  JSj  and  jP  are  filled  with  small  pieces  of  glass  moistened 

♦  Ansf'ihrliches  Handbuch  der  analytischen  rhemie  von  H.  Rose,  TI.  853; 
Graharo-Otto'sausfr.hrlichesLebrbuchder  Chemie,  Bd.  II.  Abth.  1,  S.  \02et»e<f.: 
Handw  rterbuch  der  Cheraie  von  Liebig,  Poggondorff  und  W jhler,  2  Aufl.  Bd.  II. 
8.  431  et  9eq.  ;  and  BuiLsen's  Gasomctry. 
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with  pure  concent t«t«d  sulphuric  acid,  V  and  D  with  moist  hydrate  of 
lime.*     Finally,  A  ia  also  connected  with  a  long  tube  leading  to  tlH 


place  from  which  the  air  intended  for  analysis  is  to  he  taken.  The  corki 
of  the  tubes  are  coated  over  with  sealing-wiix.  The  tubes  A  and  Ji  ate 
int<mded  to  withdraw  the  moisture  from  the  air;  they  are  weighed  to- 
gether. C,  D,  and  Ji!  are  also  weighed  jointly.  C  and  D  absorb  the 
carbonic  acid ;  I'J  the  aqueous  viipor  which  may  have  been  withdrawn 
front  the  liydntte  of  lime  by  the  <lry  air,  /'''  need  not  be  weighed  ;  it 
simply  Kcvves  to  protect  J'J  against  the  entrance  of  aqneons  vapor  from  T1 

The  as]>irator  is  completely  tilled  with  water ;  c  is  then  connected  m-ith 
F,  and  thus  with  the  entire  system  of  tubes;  the  cock  r  iK  opened  a 
little,  just  sufficiently  to  cause  a  slow  efflux  of  water.  As  the  height  of 
the  column  of  water  in  V  is  continually  diininixhing,  the  cock  mnst  fi-om 
time  to  time  be  opened  a  little  wider,  to  maintain  as  nearly  as  ]iuR.-<il)le  a 
uniform  flow  of  water.  When  V  is  completely  emptied,  tlie  height  of 
the  thermometer  .ind  that  of  the  barometer  aie  noted,  and  the  tubes  A 
Biiil  IS,  and  C,  D,  and  K  weighed  again. 

Ab  the  increase  of  weifrht  of  A  and  JS  gives  the  amount  of  water,  that 
of  C,  Jf,  and  Ji,  the  amount  of  earlionic  acid,  in  the  air  which  has 
passed  thi-ough  tliem;  and  as  the  volume  of  the  latter  (freed  from  water 
and  carbonic  neid)   is  accui-atj'ly  known  from  the  ascertained  capacity 

*  Witti  regard  to  C  and  7>.  I  tiave  returned  to  lime,  preferrii^  it  to  pumice 
inturated  witli  Bolution  of  ]inta!<1i,  bccauHe,  as  Hlasiwetz  (Lhem.  CentratliL  1856, 
liT.li  has  shown,  tlie  Rulutiuu  of  jiotnsh  ntisorbs  uot  noly  cnrlionic  acid,  but  also 
Dxytrcn.  Indcod,  II.  Riwe  h;ui  jirnvioUBly  m.iilc  a  similar  obserrntion.  With  re- 
spect to  the  other  tubes.  I  prefer  the  conceutniteil  sulphuric-  acid  to  chloride  of 
calcium  as  the  abaorlient  for  wat*r  (nee  Pettenkofer.  Sitiuuj(«ber.  der  baver. 
Akad.  IKIia.  II.  Hc(t  1.  S.  51)).  Illasiweti's  Btatemcnt,  thatconccutmtcdBulphuric 
aeiil  olso  takes  up  tarbonie  acid.  1  have  found  to  be  uuwncranted.  Chloridp  of 
calcium  does  not  dry  the  air  corapletelj,  and.  besiden.  Illnaiweti  say,"  that  whea 
it  in  us(!<]  (I  tr^tcc  of  ufalni'inc  is  carried  avray  correspond itig  to  tJic  amount  of  ozonf 
in  the  air  (op.  cit.  p.  517). 
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of   V:  *  the  calculation  is  in  it«elf  very  simple ;  but  it  involves,  at 
least  in  very  accurate  analyses,  tlie  following  corrections ; — 

a.  Reduction  of  the  air  in  V,  which  Ls  saturated  with  aqueous  vajior, 
to  dry  air;  since  the  air  which  penetrates  through  c  is  dry  (see  §  195,  y), 

/?.  Reduction  of  the  volume  of  dry  air  so  found  to  C,  and  760  mm. 
(§  195,  a  and  f^). 

When  thase  calculations  have  been  made,  the  weight  of  the  air  which 
has  penetrated  into  V  is  readily  found  from  the  datum  in  Table  V.  at 
the  end  of  the  volume ;  and  as  the  carbonic  acid  and  water  have  also 
been  weighed,  the  respective  quantities  of  these  constituents  of  the  aii 
may  now  be  expressed  in  per-cents  by  weight,  or,  calculating  the  weights 
into  volumes,  in  per-cents  by  measure. 

Considering  the  great  weight  and  size  of  the  absorption  apparatus,  in 
comparison  to  the  increase  of  weight  by  the  process,  at  least  25,000  c.  c. 
of  air  must  be  passed  through  ;  the  air  inside  the  balance-case  must  be 
kept  as  dry  as  possible  by  means  of  a  sufficient  quantity  of  chloride  of 
calcium,  and  the  apparatus  left  for  some  time  in  the  balance-case,  before 
proceeding  to  weigh.  Neglect  of  these  measures  would  lead  to  considera- 
ble errors,  more  particularly  as  regards  the  carbonic  acid,  the  quantity 
of  which  in  atmosjiheric  air  is,  on  an  average,  about  10  times  less  than 
that  of  the  aqueous  vapor  (comp.  Hlasiwetz,  he,  cit,). 

For  the  exact  deterrthiiuition  of  the  carbonic  acid  one  of  the  following 
methods  is  far  better  suited  : — 

a.  Process  suggested  by  Fr.  Mohr,  applied,  and  carefully  tested  by  H. 
V.  GiLM.f  Von  Gilm  employed  in  his  experiments  an  aspirator  holding 
at  least  30  litres,  which  was  arranged  like  that  shown  in  fig.  102,  but 
had  a  third  aperture,  bearing  a  small  manometer.  The  air  was  drawn 
through  a  tube,  1  metre  long,  and  about  1 5  mm.  wide ;  this  tube  was 
drawn  out  thin  at  the  upper  end,  and  at  the  lower  end  bent  at  an  angle 
of  140 — 150°.  It  was  more  than  half  filled  with  coarse  fragments  of 
glass  and  perfectly  clear  baryta  water,  and  fixed  in  such  a  position  that 
the  long  part  of  it  was  inclined  at  an  angle  of  8 — 10°  to  the  horizontaL 
A  narrow  glass  tube,  fitted  into  the  undrawn-out  end  of  the  tube  by 
means  of  a  cork,  served  to  admit  the  air.  Two  small  flasks,  filled  with 
baryta  water,  were  placed  between  the  absorption  tube  and  the  aspira- 
tor ;  these  were  intended  as  a  control,  to  show  that  the  whole  of  the 
carbonic  acid  had  been  retained.  When  about  GO  litres  of  air  had  slowly 
passed  through  the  absoii)tion  tube,  the  carbonate  of  baryta  formed  was 
filtered  off  out  of  contact  of  air,  and  the  tube  as  well  as  the  contents  of 
the  filter  washed,  fii-st  with  distilled  water  saturated  with  carbonate  of 
baryta,  then  with  pure  boiled  water.  The  carbonate  of  baryta  in  the 
filter  and  in  the  tube  was  then  dissolved  in  dilute  hydrochloric  acid,  the 
solution  evaporated  to  dryness,  the  residue  gently  ignited,  and  the  chlo- 
rine of  the  chloiide  of  baiiimi  determined  as  directed  §  141,  6,  a.  1  eq. 
chlorine  represents  1  eq.  carbonic  acid.  It  is  obvious  that  one  may  also 
detera^ie  the  baryta  in  the  hydrochloric  acid  solution  by  pi*ecipitating 
with  sulphuric  acid.  For  filtering  the  carbonate  of  baryta,  v.  Gilm  em- 
ployed a  double  funnel  (fig.  103) ;  the  inner  cork  has,  besides  the  per- 

*  Or  from  the  quantity  of  water  which  has  flown  from  F,  as  the  experiment 
may  be  altered  in  this  waj,  that  a  portion  only  of  the  water  is  allowed  to  run 
oat,  and  received  in  a  measuring  vessel. 

t  Chem.  Centralbl.  1K)7,  700. 
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Fig.  103. 


foration  through  which  the  neck  of  the  funnel  passes,  a  laiei*al  slit,  which 
establish es  a  communication  between  the  air  in  the  outer  funnel  and  the 
air  in  the  bottle. 

As,  with  the  absorption  apparatus  arranged  as  de- 
scribed, the  air  has  to  force  its  way  through  a  column 
of  fluid,  the  manometer  is  required  to  detemiine  the 
actual  volume  of  the  air ;  the  height  indicated  by  this 
instrument  being  deducted  from  the  barometric  pi-ea- 
sure  observed  during  the  process. 

Fr.  Mohr*   now   recommends   as   the    absorbenti 
fluid  a  solution  of  baryta  in  potash.     Tliis  is  pi-eparet^ 
by  dissolving  crystals  of  baryta  in  weak  solution  of 
potash  with  the  aid  of  heat,  and  filtering  oflT  the  car- 
bonate of  baryta,  which  invariably  forms  in  smal/ 
quantity.     The  clear  filti*ate  is  accordingly  saturated 
with  carbonate  of  baryta.     Mohr  now  leaves  out  the 
fragments  of  glass. 

This  method  afforded  v.  Gilm  very  harmonious 
results.  Nevertheless,  it  involves  one  source  of  error.  If  clear  baryta 
water  is  passed  through  paper  with  the  most  careful  possible  exclusion 
of  air,  and  the  filter  is  washed  till  the  washings  are  free  from  baryta, 
and  dilute  hydrochloric  acid  is  then  poured  upon  the  filter,  and  the 
filtrate  thus  obtained  is  evaporated,  a  small  quantity  of  chloride  of  barium 
will  be  left,  showing  that  a  little  baryta  was  kept  back  by  the  pai)er. 
Al.  MuLLERf  has  already  called  attention  to  the  capacity  of  filter  paper 
for  retaining  baryta. 

b.  M.  Pettenkofer's  j!>roceM. J 

a.  Principle  and  Heqnisites. — A  known  volume  of  air  is  made  to  act 
upon  a  dc^tiiiite  quaiititv  of  staudai-d  baryta  water  (standardized  by 
oxalic  acid  solution),  in  such  manner  that  the  carbonic  acid  is  completely 
bound  by  the  baryta.  The  baryta  water  is  then  poured  out  into  a 
cylinder,  and  allowed  to  deposit  with  exclusion  of  air,  a  part  of  the  clear 
fluid  is  then  removed,  and  the  baryta  remaining  in  solution  is  determin- 
ed. The  dillerence  between  the  oxalic  acid  recpiired  for  a  certain  quan- 
tity of  baryta  water  before  and  aftei-  the  action  of  the  air,  repi-esents  the 
carbonate  of  baryta  formed,  and  conse<]uently  the  carbonic  acid  present. 

Two  kinds  of  baryta  water  are  used  :  one  contains  21  gnn.  and  the 
other  7  grm.  crystallized  hydrate  of  baryta  ||  in  the  litre ;  these  serve 
for  the  determination  of  larger  and  smaller  quantities  of  carbonic  acid 


♦  LehrVmch  der  Titrirmethode,  2d  ed.  446. 

t  Joum.  f.  prakt.  Chem.  8;^,  884. 

X  Al)han(ll.  der  naturw.  u.  techn.  Commission  der  k.  bayer,  Akad.  der  Wiss.  II 
1  ;  Ann.  d.  Chem.  u.  Pharm.  II.  Supplem.  Bd.  p.  1. 

]  The  hydrate  of  baryta  must  be  entirely  free  from  caustic  potash,  and  soda, 
the  smallest  quantities  of  which  render  the  volumetric  estimation  in  the  presence 
of  carbonate  of  baryta  impossible,  since  the  neutral  alkaline  oxalates  decompose 
the  alkaline  earthy  carbonates.  When  a  trace  even  of  carbonate  of  baryta  is 
suspended  in  the  fluid — and  this  is  always  the  ca.«<e  when  a  baryta  water  which 
has  been  used  for  the  absorption  of  carbonic  acid  is  not  filtered — the  reaction 
continues  alkaline  if  the  smallest  trace  of  potash  or  soda  Is  pre.«ent.  because  the 
alkaline  oxalate  formed  immediately  enters  into  decomiwsition  with  the  carbon- 
ate of  b.'iryt.i.  A  fresh  addition  of  oxalic  acid  convert*  the  alkaline  carbonate 
again  into  oxalate,  and  the  fluid  is  for  a  moment  neutral,  till,  on  shaking  «vitb 
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respectively.  1  c.  c.  of  the  stronger  corresponds  to  aboat  3  ragrm.  car- 
bonic acid,  of  the  weaker  1  c.  c.  corresponds  to  about  1  mgrm.* 

The  oxalic  acid  solution  which  serves  for  standardiziug  the  baryta 
'water  contains  2 '8636  grm.  cryst.  oxalic  acid  in  1  Litre.  1  c.  c.  corre- 
sponds to  1  mgrm.  carbonic  acid.  The  baryta  water  is  standardized  as 
follows : — transfer  30  c.  c.  of  it  to  a  flask,  and  then  n\n  in  the  oxalic  acid 
from  a  Mohr's  burette  with  float ;  shake  the  fluid  from  time  to  time, 
closing  the  mouth  of  the  flask  with  the  thumb.  The  vanishing  point  of 
the  alkaline  reactiort  is  ascertained  with  delicate  turmeric  paper,  f  As 
soon  as  a  drop  of  the  fluid  pLvced  on  the  paper  does  not  give  a  brown 
ring,  the  end  is  attained.  If  you  were  obUged,  in  the  first  experiment, 
to  take  out  too  many  drops  for  testing  with  turmeric  paper,  consider  the 
result  as  only  approximate,  and  make  a  second  experiment,  adding  at 
once  the  whole  quantity  of  oxalic  acid  to  within  1  or  ^  c.  c.  and  then 
beginning  to  test  with  pai)er.  A  third  experiment  would  be  found  to 
agree  with  the  second  to  y^  c.  c.  The  reaction  is  so  sensitive  that  all 
foreign  alkaline  matter,  particles  of  ash,  tobacco  smoke,  &c.,  must  be  care- 
fully guarded  against. 

/8.    The  acttuU  Aiicdt/sut. — ^This  may  be  effected  in  two  different  ways. 

aa.  Take  a  perfectly  dry  bottle,  of  about  6  litres  capacity,  with  well- 
fitting  ground  glass  stopper,  and  accurately  determine  the  capacity ;  fill 
the  bottle,  by  means  of  a  pair  of  bellows,  with  the  air  to  be  analyzed ; 
add  45  c.  c.  of  the  dilute  standard  baryta  water,  and  cause  the  baryta 
water  to  spread  over  the  inner  surface  of  the  bottle,  by  turning  the  latter 
about,  but  without  much  shaking.  In  the  course  of  about  J  an  hour  the 
whole  of  the  carbonic  acid  is  absorbed.  Pour  the  turbid  baryta  water 
into  a  cylinder,  close  securely,  and  allow  to  deposit ;  then  take  out,  by 
means  of  a  pipette,  30  c.  c.  of  the  chjar  supematJEmt  fluid,  run  in  standard 
oxalic  acid,  multiply  the  volume  used  by  1'5  (as  only  30  c.  c.  of  the 
original  45  are  employed  in  this  experiment),  and  deduct  the  product 
from  the  c.  c.  of  oxalic  acid  used  for  45  c.  c.  of  the  fi-esh  baryta  water ; 
the  difference  represents  the  quantity  of  baryta  convei-ted  into  carbonate, 
and  consequently  the  amount  of  the  carbonic  acid.  If  the  air  is  unusually 
rich  in  carbonic  acid,  the  concentrated  baryta  water  is  employed. 

bb.  Pass  the  air  through  a  tube  or  through  two  tubes  containing 
measured  quantities  of  standard  baryta  water  and  finish  the  experiment 
as  in  (ta.  For  passing  a  definite  quantity  of  air  we  should  generally  employ 
an  aspirator  (p.  554) ;  Pettenkofer  in  his  experiments  with  the  respi- 
ration apparatus  forced  the  air  by  means  of  small  mercurial  pumps  first 

air,  the  carbonic  acid  escapes,  and  any  carbonate  of  baryta  still  present  converts 
the  alkaline  oxalate  again  into  carbonate.  To  test  a  baryta  water  for  caustic 
alkali,  determine  the  alkalinity  of  a  perfectly  clear  portion,  and  then  of  a  portion 
that  has  been  mixed  with  a  little  pure  precipitated  carbonate  of  baryta.  If  you 
use  more  oxalic  acid  in  the  second  than  in  the  first  experiment,  caustic  alkali  is 
present,  and  some  chloride  of  barium  must  be  added  to  the  baryta  water  before 
it  can  be  used. 

*  [The  baryta  water  is  kept  in  a  bottle  under  a  thin  stratum  of  kerosene 
(MoHR).  It  is  drawn  off  through  a  syphon  supported  in  the  stopper,  the  outer 
leg  of  whioh  is  recurved  upwards  and  closed  with  a  bit  of  rubber  tube  and  clip. 
By  having  this  leg  of  the  syphon  sufficiently  long  the  burette  may  be  filled  by 
inserting  its  delivery  end  in  the  rubber  tube  and  opening  both  clips.  ] 

f  Prepared  with  lime-free  Swedish  filter  paper,  and  tincture  of  turmeric.  The 
spirit  used  in  making  the  latter  must  be  free  from  acid.  Dry  the  itaper  in  a  dark 
room,  and  keep  it  protected  from  the  light.     It  is  lemon  yellow. 
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through  the  tubes,  and  then  through  an  apparatus  for  measuruig  tlie  gu. 
Tlie  foim  and  arrangement  of  the  tubes  is  illustrated  by  fig.  1U+.  Two 
Biich  tubes  were  used ;  the  first  was  1  metre,  the  second  *3  metres  long; 
they  were  filled  with  baryta  water — tlie  former  with  the  stronger  solution, 
tlie  latter  with  the  weaker.  Tho  air  is  introduced  thi-ongh  the  short 
limbs  of  the  tubes,  and  ia  carried  beyund  the  beutis  by  a  uan-ow  flexibh 
tube,  and  the  glass  tubes  themselves  are  so  inclined  that  the  biibbtesof 
air  move  on  with  the  necessai?  rapidity  without  uniting.  The  niotioi 
of  the  gas  bubbles  keeps  up  a  constant  mixing  of  the  baryta  water. 


B,  Deterhisation  of  the  Osvges  and  Nitbogek. 


The  method  I  shall  give  is  that  proposeil  by  v.  LiEBio.*  It  is  based 
Diiou  the  observation  made  by  Chevrel^l  and  DiiDEitEINER,  that  pyro- 
gallic  Hcid,  in  alkaline  solutions,  has  a  powerful  tendency  to  absorb  oxygen 

■  Annal.  d.  Chcm,  u.  I'hann.  77,  107. 
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1.  A  strong  measuring  tube,  holding  30  c.  c,  and  divided  into  -J  or  -j!^ 
c.  c,  is  filled  to  f  with  the  air  intended  for  analysis.  The  remaining  pari 
of  the  tube  is  filled  with  mercuiy,  and  the  tube  is  inverted  over  that 
fluid  in  a  tall  cylinder,  widened  at  the  top. 

2.  The  volume  of  air  confined  is  measured  (§12).  If  it  is  intended 
to  determine  the  carbonic  acid  —which  can  be  done  with  sufficient  accu- 
racy only  if  the  quantity  of  the  acid  amounte  bo  several  per-cents — ^the 
air  is  dried  by  the  introduction  of  a  ball  of  chloride  of  calcium  before 
measuring.  If  it  ia  not  intended  to  determine  the  carbonic  acid,  this 
opei'ation  is  omitted.  A  quantity  of  solution  of  potassa  of  1*4  sp.  gr. 
•(1  part  of  dry  hydrate  of  potassa  to  2  parts  of  water),  amounting 

to  from  ^g-  to  -g'^  of  the  volume  of  the  air,  is  then  introduced 
into  the  measuring  tube  by  means  of  a  pipette  with  the  point  bent 
upwards  (fig.  105),  and  spi-ead  over  the  entire  inner  surface  of 
the  tube  by  shaking  the  latter ;  when  no  further  diminution  of 
volume  takes  place,  the  decrease  is  read  ofi*.  If  the  air  has 
been  dried  previously  with  chloride  of  calcium,  the  diminution 
of  the  volume  expresses  exactly  the  amount  of  carbonic  acid 
contained  in  the  air ;  but  if  it  has  not  been  dried  with  chloride  «.  T^- 
of  calcium,  the  diminution  in  the  volume  cannot  aftbrd  correct 
information  as  to  the  amount  of  the  carbonic  acid,  since  the  strong  solu* 
tion  of  potassa  absorbs  aqueous  vapor. 

3.  When  the  carbonic  acid  has  been  removed,  a  solution  of  pyrogallic 
acid,  containing  1  grm.  of  the  acid  *  in  5  or  6  c.  c.  of  water,  is  introduced 
into  the  same  measuring  tube  by  means  of  another  pipette,  similar  to  the 
one  used  in  2  (fig.  105);  the  quantity  of  pyrogallic  acid  employed  should 
be  half  the  volume  of  the  solution  of  potassa  used  in  2.  The  mixed  fluid 
(the  pyrogallic  acid  and  solution  of  potassa)  is  spread  over  the  inner 
surface  of  the  tube  by  shaking  the  latter,  and,  when  no  further  diminu- 
tion of  volume  ia  observed,  the  residuary  nitrogen  is  measured. 

4.  The  solution  of  pyrogallic  acid  mixing  with  the  solution  of  potassa  of 
course  dilutes  it,  causing  thus  ah  error  from  the  diminution  of  its  tension ; 
Dut  this  error  is  so  trifling  that  it  has  no  appreciable  influence  upon  the 
results;  it  may,  besides,  be  readily  corrected,  by  introducing  into  the  tube, 
after  the  absorption  of  the  oxygen,  a  small  piece  of  hydrate  of  potassa  cor- 
responding to  the  amount  of  water  in  the  solution  of  the  pyrogallic  acid. 

5.  There  is  another  source  of  error  in  this  method ;  viz.,  on  account  of 
a  portion  of  the  fluid  always  adhering  to  the  inner  surface  of  the  tube, 
the  volume  of  the  gas  cannot  be  read  off*  with  absolute  accuracy.  In 
comparative  analyses,  the  influence  of  this  defect  upon  the  results  may 
be  almost  entirely  neutralized,  by  taking  nearly  equal  volumes  of  air  in 
the  several  analyses.f 

6.  Notwithstanding  these  sources  of  error,  the  results  obtained  by  this 
method  are  very  accurate  and  constant.  In  eleven  analyses  which  v. 
LiEBio  reports,  the  greatest  difference  in  the  amount  of  oxygen  found 
was  between  20'75  and  21-03.  The  nimibers  given  express  the  actual 
and  uncorrected  results. 


*  Liebig  has  described  a  very  advantageous  method  of  preparing  pyrogallic 
add.     See  Annal.  d.  Chem.  u.  Pharm,  101,  47. 

f  Bnnsen  employs  for  the  absorption  of  oxygen  a  papier-m&ch.^  ball  saturated 
with  a  concentrated  alkaline  solution  of  pyrogallate  of  potassa,  which  he  intro- 
duces into  the  gaseous  mixture  attached  to  a  platinum  wire.  By  adopting  this 
proceeding,  the  source  of  error  mentioned  in  5  is  avoided.  See  also  Eussell, 
Jour  Chem.  Soc.  1868,  pp.  130,  131. 
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EXERCISES  FOR  PRACTICE. 

The  princi}  al  point  kept  in  view  in  the  selection  of  these  exercises  hai 
been  that  most  of  them,  and  more  particularly  the  first,  should  permit  an 
exact  control  of  the  results.  This  is  of  the  utmost  importance  for 
students,  since  a  well-grounded  self-reliance  is  among  the  most  indispen- 
sable requisites  for  a  successful  pursuit  of  quantitative  investigations, 
and  thb  is  only  to  be  attained  by  ascertaining  for  one's  self  how  near  the 
results  found  approach  the  truth. 

Now  a  rigorously  accurate  control  is  practicable  only  in  the  analysis 
of  pure  salts  of  known  composition,  or  of  mixtures  composed  of  definite 
propoi-tions  of  pure  bodies.  When  the  student  has  acquired,  in  the 
analysis  of  such  substances,  the  necessary  self-reliance,  he  may  proceed  to 
the  analysis  of  minerals  or  products  of  industry  in  which  such  rigorous 
control  is  unattainable. 

The  second  point  kept  in  view  in  the  selection  of  these  exercises,  has 
been  to  make  them  comprise  both  the  more  important  analytical  methods 
and  the  most  important  bodies,  so  as  to  afford  the  student  the  oppor- 
tunity of  acquiring  a  thorough  knowledge  of  every  branch  of  quantitative 
analysis. 

Organic  analysis  offers  less  variety  than  the  analysis  of  inorganic  sub- 
stances ;  the  exercises  relating  to  the  former  branch  are  therefore  less 
numerous  than  those  relating  to  the  latter. 

I  would  advise  the  student  to  analyze  the  same  substance  repeatedly, 
until  the  results  are  quite  satisfactory.  [It  is  a  good  habit  always  to 
carry  on  together  duplicate  analyses.  It  requires  but  little  moi*e  time 
to  make  two  analyses  than  to  make  one,  and  the  operator's  experience  is 
thus  very  economically  doubled.] 

It  is  by  no  means  necessary  for  the  student  to  go  through  the  whole 
of  these  examples ;  the  time  which  he  may  requii*e  to  attain  proficiency 
in  analysis  depends,  of  course,  upon  his  own  abilities.  One  may  be  a  good 
analyst  without  having  tried  every  method,  or  deteimined  evei'y  body. 
A  few  substances  wdl  analyzed  yield  more  profit  than  can  be  obtained 
from  going  over  many  processes  in  a  superficial  manner. 

Finally,  the  student  is  warned  against  prematurely  attempting  to  dis- 
cover new  methods ;  he  should  wait  until  he  has  attained  a  good  degree 
of  proficiency  in  general  chemistry,  and  more  particularly  in  practical 
•nalysis. 


EXERCISES. 

A.  SIMPLE  DETERMINATIONS  IN  THE  GRAVIMETRIC  WAY,  INTENDED 
TO  PERFECT  THE  STUDENT  IN  THE  PRACTICE  OF  THE  MORS 
COMMON  ANALYTICAL  OPERATIONS. 

[We  give  here,  in  the  first  place,  quite  full  details  of  all  the  steps  in  the 
estimation  of  chlorine  in  chloride  of  sodium,  including  the  preparation 
of  this  salt  in  a  state  of  purity.  This,  it  is  hoped,  will  relieve  much  of 
the  perplexity  which  the  beginner  must  at  first  experience  in  making 
out  a  scheme  of  operations  from  the  vai-ious  separate  paragraphs  where 
the  processes  are  described.  The  student  should  not  fail,  however,  to 
study  carefully  the  chapter  on  operations  while  canying  on  the  analysis, 
nor  to  examine  every  reference. 

I.  Chloride  of  Sodium. 

J^reparation, — Dissolve  150  grm.  of  clean  crystallized  carbonate  of 
soda  in  hot  water,  place  a  small  bit  of  litmus  paper  in  the  solution,  add 
pure  hydrochloric  acid  to  acid  reaction,  and  evaporate  in  a  porcelain  dish 
to  dryness,  whereby  silica  becomes  insoluble.  If  the  dry  residue  has  a 
yellow  tinge,  which  is  due  to  iron,  raise  the  heat  somewhat  until  the 
residue  is  brown  or  black  in  color  and  no  acid  odor  is  perceptible  when  it 
is  breathed  on.  This  treatment  converts  soluble  sesquichloride  of  iron 
into  insoluble  oxychloride.  Dissolve  the  residue  in  hot  water,  filter,  and 
evaporate  the  solution,  contained  in  a  beaker,  at  a  temperature  somewhat 
below  the  boiling  point,  until  there  remains  a  small  quantity  of  liquid 
above  the  crystals  of  salt.  Pour  ofl'  this  mother  liquor,  rinse  the  crystals 
repeatedly  with  small  qiumtitios  (their  own  bulk)  of  cold  water  until  the 
rinsings  give  but  a  very  slight  *  reaction  for  sulphuiic  acid  with  chloride 
of  barium. 

A  j)ortion  f  of  the  salt  thus  obtained  is  crushed  to  a  coarse  powder, 
heated  in  a  covered  crucible  until  it  ceases  to  decrepitate,  but  not  to 
fusion,  and  preserved  in  a  weighing  tube  (like  a  small  test  tube,  but  not 
flared  at  the  mouth)  that  is  closed  with  a  soft,  well-fitting,  and  smooth 
cork. 

Estimation  of  Chlorine. 

1.  Weu/hing  out  the  substance. — The  tube  containing  the  prepared 
salt  is  wiped,  if  need  be,  from  dust.  The  cork  is  taken  out,  and  by 
means  of  a  bit  of  thin  paper,  or  a  clean  linen  handkerchief,  any  particles 


*  It  ia  not  needful  for  ordinary  quantitative  purposes  that  a  salt  should  be 
BO  free  from  foreign  matters  that  the  latter  cannot  be  detected  by  sensitive  re- 
agents, and  for  the  reason  that  it  is  not  possible  to  collect  and  weigh  the  minnte 
traces  whicli  are  thus  indicated. 

f  Pure  chloride  of  sodium  is  needed  in  other  analyses,  and  the  chief  part  of 
what  is  thus  prejjarcd  should  be  cuicfully  bottlod  and  reserved  for  future  use. 
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of  salt  adhering  to  the  cork,  and  to  the  inside  of  tlie  tube  as  far  as  the 
cork  reaches,  are  removed.  The  cork  is  replaced,  and  the  whole  is 
weighed  (see  §§  9  and  10),  the  weight  being  immediately  i*ecorded  in  the 
note-book.  A  clean  beaker  or  assay-flask,  of  about  200  c.  c.  capacity, 
being  ready,  the  weighing-tube  is  held  over  it  and  the  cork  cai*efully 
removed.  A  portion  of  substance  is  allowed  to  fall  in  the  ve^ssel,  and, 
the  cork  being  replaced,  the  tube  is  again  co\mteri)oised.  If  two  to  three 
decigrammes  have  been  emptied,  the  operator  is  ready  to  procet^d.  If 
less,  more  should  be  transferred  from  the  tube  to  the  vessel.  If  more, 
or  much  more,  it  is  better  to  begin  anew,  by  weighing  oft*  another  portion 
into  another  beaker  or  flask.  In  this  manner  weigh  off  tw^o  ))ortions  in 
8epai*ate  vessels,  so  as  to  carry  together  duplicate  analyses.  Now  affix  a 
piece  of  gummed  paper  to  each  vessel,  and  label  them  to  corre8|>ond  with 
their  designation  in  the  note-book. 

2.  Solution  and  precipitation. — Dissolve  the  weighed  j>ortions,  each  in 
about  100  c.  c.  of  cold  distilled  water,  add  a  few  drops  of  pure  nitric  acid, 
and,  lastly,  clear  solution  of  nitrate  of  silver  *  until  further  addition  no 
longer  produces  a  precipitate. 

Agitate  the  mixture  well,  but  with  care  to  avoid  loss.  This  can  b« 
done  by  shaking,  if  a  flask  be  in  use,  or  by  stiiring  with  a  glass  rod,  if  a 
beaker  be  employed. 

Set  the  vessel  aside  in  a  dark  place,  covered  with  paper  or  a  watch- 
glass  to  exclude  dust,  and  let  stand  for  about  12  hours,  or  until  the 
precipitate  has  subsided  and  the  liquid  above  it  is  perfectly  clear,  then 
add  a  drop  of  nitrate  of  silver  to  make  sure  that  the  precipitjation  is  com- 
plete (if  not  com[)lete,  add  more  solution  of  silver,  and  let  stand  again 
for  some  hours). 

3.  JF\!tra4.ion, — A  filter  is  glaced  in  a  funnel  at  least  \  inch  deeper 
than  itself,  and  moLstened  with  water,  at  the  same  time  being  carefully 
pressed  down  so  that  it«  edges  touch  the  glass  at  all  points.  The  funnel 
being  supported  on  a  stand,  a  clean  beaker  or  flask  is  put  beneath  it,  and 
the  operator  proceeds  to  pour  the  liquid — on  whose  surface  some  particles 
of  chloride  of  silver  usually  float — into  the  filter,  leaving  the  bulk  of  the 
precipitate  undisturbed.  To  do  this  without  loss  the  following  precau- 
tions may  be  regarded  :  a.  Touch  the  edge  or  lip  of  the  vessel  with  a 
very  slight  coat  of  tallow  (a  small  bit  of  which  is  kept  at  hand  under 
the  edge  of  the  work-table,  and  is  applied  with  the  finger),  h.  Pour  slowly 
over  the  greased  place,  along  a  glass  rod  held  nearly  vertical,  so  directing 
the  stream  that  it  shall  strike  against  the  side,  not  into  the  vei*tex  of  the 
filter,  c.  When  the  filter  is  filled  to  within  \  inch  of  the  top  discontinue 
the  pouring,  bringing  the  rod  into  the  vessel  containing  the  precipitate, 
after  it  has  drained  so  that  nothing  will  fall  from  it. 

The  pouring-rod  may  be  simply  straight,  and  an  inch  longer  than  the  diagonal 
of  the  vessel,  or,  when  it  is  desirable  not  to  disturb  a  precipitate,  it  may  be  3 — 4 
inches  long  and  bent  syphon  fashion  so  as  to  hang  on  the  edge  of  a  beaker  or  flask. 
In  either  case  its  end  should  be  rounded  by  fusion,  and  those  portions  along  which 
ttie  liquid  flows  must  not  be  handled. 

The  vessel  containing  the  precipitate,  as  well  as  that  which  receives 
the  filtrate,  and  likewise  the  funnel,  should  be  kept  covered  as  much  as 

*  Solution  of  a  silver  coin  in  nitric  acid  answers  for  this  purpose  as  well  as  purs 
nitrate,  provided  it  be  dear  and  contain  but  little  free  acid. 
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possible  in  all  cases  when  nicety  is  required,  to  prevent  access  of  dust, 
insects,  &c. 

The  most  oonyenient  covers  arc  large  watch-glasses,  but  square  plates  of  glass, 
or  even  cards,  will  generally  answer.  The  receiving- vessel  may  also  be  protected 
by  employing  the  filter-stand  represented  in  fig.  34,  p.  57. 

The  filtration  of  chloride  of  silver  should  be  conducted  without  expos- 
ing it  to  strong  light,  whereby  it  is  blackened,  with  loss  of  chlorine,  p.  208. 

d.  When  all,  or  nearly  all,  the  liquid  has  paissed  the  filter,  it  remains 
to  wash  and  to  transfer  the  precipitate. 

These  operations  may  be  carried  on  as  follows :  pour  about  100  c.  c 
of  cold  distilled  water  upon  the  precipitate,  which  mostly  remains  in  the 
vessel  where  it  was  formed,  and  agitate  vigorously,  in  order  to  break  up 
and  divide  the  lumpy  chloride  of  silver,  and  bring  every  part  of  it  per- 
fectly in  contact  with  the  water. 

When  in  a  beaker,  the  agitation  mnst  be  made  with  great  caution,  by  means 
of  a  glass  stirring-rod ;  when  in  a  narrow-mouthed  flanged  flask,  this  may  be 
tightly  closed  by  a  perfectly  smooth  cork  (softened  for  the  purpose  by  squeezing) 
and  then  shaken  violently. 

The  water  and  .precipitate  are  now  poured  together  upon  the  filter, 
with  the  precautions  before  detailed.  The  last  portions  of  the  precipitate 
are  removed  from  the  beaker  or  flask  by  repeated  rinsings,  in  which  a 
wash-bottle  like  fig.  36,  p.  59,  may  be  conveniently  employed. 

Any  portions  of  precipitate  that  adhere  to  the  sides  of  the  vessel  too 
strongly  to  be  removed  by  a  stream  from  the  wash-bottle  must  be  robbed 
off.     For  this  purpose  the  feather  is  employed. 

It  is  made  from  a  goose-quill,  by  cutting  off  the  extreme  tip  for  on  inch  or  so, 
and  smoothly  trimming  away  the  beard,  except  a  portion  of  one  half-inch  in  length 
on  the  inside  of  the  curve.  The  tulnilar  part  may  be  removed  or  not.  to  suit  the 
depth  of  the  dish  which  is  to  be  washed. 

Tlie  dish  being  wiped  clean,  externally,  a  little  water  Ls  put  in  it,  and, 
it  being  held  up  to  the  light,  its  whole  interior  surface  is  gently  rubbed 
with  the  feather,  then  rinsed,  rubbed  again  and  rinsed,  so  long  as  careful 
inspection  discovers  any  poi-tions  of  adliering  precipitate  ;  finally,  the 
feather  is  rinsed  in  a  stream  of  water,  the  rinsings  in  each  case  being 
poured  upon  the  filter. 

The  washing  is  now  continued  by  help  of  the  wash-bottle.  A  jet  of 
cold  w^ater  is  directed,  first,  upon  the  inteiior  of  the  funnel,  just  above 
the  filter,  then  upon  the  edge  of  the  filter  itself.  If  thrown  immediately 
against  the  paper,  this  is  liable  to  be  perforated.  The  stream  of  water  is 
carried  around  the  edge  of  tlie  filter  until  the  latter  is  nearly  full,  and 
the  liquid  is  then  allowed  to  drain  ofi'.  This  process  is  repeated  until  a 
portion  of  the  wash-watei-s,  collected  to  the  depth  of  an  inch  in  a  test 
tub(;  cont^iining  a  drop  of  hydrochloric  acid,  give  no  turbidity  of  chlo- 
ride of  silver.  When  this  is  accomplished,  the  precipitate  Ls  washed 
down  into  the  vertex  of  the  filter.  The  funnel  is  then  closely  covered 
with  p.4)er  (p.  02),  labelled,  allowed  to  drain  thoroughly,  and  set  away 
in  a  warm  place?  for  dryini?. 

When  the  J^msen  pump  is  employed,  read  §  53  c,  p.  77,  and  follow  the 
directions  on  page  72,  bottom ;  as  to  washing,  see  pp.  67  and  08. 

5.  Drii'iiKj  the  filler.  In  public  laboratories  a  heated  closet  is  usually 
provided  for  drying  filter.     Its  temperature  should  not  exceed  100®  C. 
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In  default  of  such  special  arrangement,  the  drying  may  be  effected  over 
the  register  of  a  hot-air  furnace,  or  over  a  common  stove  or  kitchen  range. 
The  funnel  may  also  be  supported  on  a  retort-stand  over  a  sheet  of 
iron,  which  is  heated  beneath  by  a  lamp,  or  may  be  placed  at  once  in  the 
water-bath.     See  pp.  62  and  79. 

6.  When  the  precipitate  is  perfectly  dry  we  proceed  to  ignite  it  for 
weighing, 

A  small  porcelain  crucible  (platinum  must  not  be  used)  is  cleaned, 
gently  ignited,  and  when  cool  (after  15 — 20  minutes)  weighed. 

The  work-table  being  clean,  two  small  sheets  of  fine  and  smooth  wi-it- 
ing  or  glazed  ]>aper  are  opened  and  laid  down  side  by  side.  The  filter 
is  removed  from  the  funnel  and  carefully  inverted  upon  one  of  the 
papers.  The  precipitate  is  loosened  from  the  filter  by  squeezing  and 
rubbing  gently  between  the  fingers,  and  when  it  has  mostly  separated 
the  filter  is  lifted,  reversed,  and  any  portions  of  chloitde  of  silver  still 
adhering  are  loosened  by  rubbing  its  sides  together.  What  is  thus  de- 
tached is  poured  or  shaken  out  on  the  paper. 

The  filter  is  now  spread  out  as  a  half-circle  upon  the  other  sheet  of 
paper,  and,  beginning  with  the  straight  edge,  is  folded  up  into  a  narrow 
flattened  roll,  the  two  ends  of  which  are  then  brought  together.  In  this 
way  those  central  portions  of  the  filter  to  which  particles  of  precipitate 
adhere  are  thoroughly  enveloped  by  the  exterior  parts,  so  that  in  the  sub- 
sequent burning  nothing  can  easily  escape. 

The  crucible  being  placed  on  the  glazed  paper,  the  filter  is  taken  by 
the  two  free  ends  in  a  clean  pincers  or  tongs,  put  to  the  flame  of  a  lamp 
to  set  it  on  fire,  and  then  held  over  the  crucible  until  it  is  completely 
charred.  It  is  then  dropped  into  the  crucible,  and  moistened  with  two 
or  three  drops  of  nitric  acid.  The  crucible  is  covered  and  placed  over  a 
low  flame  until  its  contents  are  diy,  it  is  then  heated  somewhat  stronger, 
whereby  the  carbon  is  nearly  or  entirely  consumed. 

The  crucible  being  allowed  to  cool,  one  more  drop  of  nitric  acid,  and 
afterwards  a  drop  of  hydrochloric  acid,  is  added  to  the  residue,  and  it  is 
heated  cautiously,  without  the  cover,  until  fumes  cease  to  escape.  This 
treatment  with  nitric  acid  serves  to  destroy  carbon  and  convert  any 
reduced  silver  to  nitrate,  which  the  hydrochloric  acid  in  turn  transforms 
into  chloride.  When  the  crucible  is  cool,  it  is  placed  again  on  the  paper, 
and  the  precipitate  is  poured  into  it  from  the  other  sheet,  the  last  par- 
ticles being  detached  by  cautious  tapping  with  the  fingers  underneath,  or 
by  the  use  of  a  clean  feather  or  camel's  hair  pencil. 

The  crucible  is  now  put  over  a  low  flame  and  heated  cautiously  until 
the  chloride  of  silver  begins  to  fuse  on  the  edges.  It  is  then  covered  and 
let  cool.  When  cold  it  is  weighed.  Head  §  115,  1,  and  the  references 
there  made. 

7.  Mecord  and  calculation  of  results.  The  amount  of  chloride  of 
silver  is  learned  by  subtracting  from  the  total  the  joint  weight  of  the 
crucible  and  filter-ash.  The  quantity  of  chlorine  is  obtained  by  multi- 
plying the  amount  of  chloride  of  silver  by  the  decimal  0*24724.  In 
order  to  compare  results  they  are  reduced  to  per  cent,  statements  by  the 
following  proportion : — 

Substance  :  chloiine  in  substance  ::  100  :  chlorine  in  100 ;  i,e, percent. 

The  record  may  be  made  as  follows :  It  lb  well  to  work  out  the  calculations  in 
fall  in  the  weight -book,  as  in  case  of  mistake  the  data  are  at  hand  for  revision. 
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Ko.  1.  HoiSL 

NaClandtube 6-616  618C 

"  "   -subetanoe 6-180  6-765 

Subetance '486  ^5 

Cradble,  Ag  01  and  Ash 15-3680  14-8270 

Or 14-298   K^^xmik  18-809   Ko^.^k 

ABh -0015  P*^®^  -0016  P^^^^ 

AgCI 1-0686  1-0165 

0-24724  0-24724 

42540  40660 

21270  20830 

74446  71156 

42540  40660 

21270  20380 

01 =    -262989740  -251319460 

-436}  26,29897  (60*44^  -416)  25,18194  {W'5Q% 

2610  2490 

^89  "^19 

1740  2076 

Im  2444 

Fonnd.  CiJoiiIaled. 

No.  1.        No.  2. 

Chlorine 6044       6056  60-66 

We  have  here  employed  the  simplest  arithmetical  calculation.  It  ia  well  to 
duplicate  the  calculation  with  help  of  the  tables  given  in  the  Appendix.  See 
pp.  462-4. 

The  first  determination  given  above  is  not  only  fair  for  this  method,  bnt  answers 
all  ordinary  purposes.  The  second  is  very  good,  though  with  care  still  closer 
accordance  with  theory  can  be  easily  attained.] 

2.  Iron. 

Procure  10 — 15  gnns.  of  fine  bright  pianoforte  wire,  cut  it  into  lengths 
of  about  0  3  grm.  and  keep  it  fi-ee  from  rust  in  a  dry  bottle. 

Weigh,  on  a  watch-glass,  for  each  estimation,  about  0*3  grm.  of  wire, 
and  dissolve  in  hydrochloric  acid,  with  addition  of  nitric  acid.  The  acids 
are  diluted  with  a  little  water. 

The  solution  is  effected  by  heating  in  a  moderate-sized  beaker  covered 
i;\ith  a  watch-glass.  Wlien  complete  solution  has  ensued,  and  the  color 
of  the  fluid  shows  that  all  the  iron  is  dissolved  as  sesquioxide  (if  this  is 
not  the  case  some  more  nitric  acid  must  be  added),  rinse  the  watch-glass, 
dilute  the  fluid  to  about  150  c.  c,  heat  to  incipient  ebullition,  add 
ammonia  in  moderate  excess,  filter  through  a  filter  exhausted  with  hydro- 
chloric acid,  &c.  (Comp.  §  113,  1,  a.)  If  Bunsen's  methods  are  em- 
ployed, proceed  exactly  as  described  on  pp.  72,  73,  and  77. 

As  the  sesquioxide  of  iron  generally  contains  a  small  quantity  of  silicic 
acid  (partially  arising  from  the  silicon  in  the  wire,  partially  taken  up 
from  the  glass  vessels),  after  it  is  weighed,  digest  with  fuming  hydro- 
chloric acid  for  some  hours ;  when  the  oxide  of  iron  is  all  dissolved,  dilute, 
collect  the  silica  on  a  small  filter,  ignite  and  weigh.  The  weight  is  the 
silica  -f-  tlie  ashes  of  both  filters. 
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The  records  are  made  as  follows : —     • 

Watch-glass  +  iron 10-3192 

"         empty 9-9750 


Iron -3442 

Gmcible  +  sesquioxide  of  iron  +  silica  -f  filter  ash . .     1 7-0703 
«       empty 16-5761 


•4942 
Ash  of  large  filter -0008 


Sesquioxide  of  iron  +  silica. -4934 

Cmcible  -f  silica  +  ashes  of  both  filters 16-5809 

"       empty 16.5761 

-0048 
Ashes  of  the  filters -0014 


SiHca 0034 

•4934— -0034  =  -4900  sesquioxide  of  iron  =  -343  iron 
which  gives  99*65  per  cent, 

3.  Acetate  op  Lead. 

Determinaiion  of  Oxide  of  Lead, — Triturate  the  dry  and  non-efflo- 
resced crystals  *  in  a  porcelain  mortar,  and  press  the  powder  between 
sheets  of  blotting  paper  until  fresh  sheets  are  no  longer  moistened  by  it. 

a.  Weigh  about  1  grm.,  dissolve  in  water,  with  addition  of  a  few  drops 
of  acetic  acid,  and  proceed  exactly  as  directed  §  116,  1,  a. 

h.  Weigh  about  1  grm.,  and  proceed  exactly  as  directed  §  116,  5. 

PbO 111-50  58-84 

A 51-00  26-91 

3aq 2700  1425 

189-50  100-00 

4.  Potash  Alum. 

Determination  of  Alumina. — Press  pure  triturated  potash  alum  be» 
tween  sheets  of  blotting  paper ;  weigh  off  about  2  grm.,  dissolve  in  water, 
and  determine  the  alumina  as  directed  §  105,  a. 

KO 4711  9-93 

Al^Oj 51-50  10-85 

4SO3 160-00  33-71 

24  HO 21600  45-51 

474-61  10000 

•  Obtained  by  dissolving  the  pulverized  commercial  salt  in  hot  water  nearly  tc 
nturation,  filtering,  adding  a  drop  or  two  of  acetic  add  to  the  solution,  and 
flowly  evaporating  to  crystiUlization. 


670  vzEBoisn  vob  fbaotigb. 


5.  BiCHftoMATK  OF  POTASB. 


Determination  of  Chromium. — ^Foae  pure  HchTomate  of  potash  it  t 
gentle  heat,  weigh  off  *4 — '6  grm.,  dissolve  in  water,  reduce  with  hydro* 
chlorio  acid  and  spirit  of  wine,  and  proceed  as  directed  §  130,  L,  a,  a. 

KO 47-11  31-92 

2CrOs 100-48  68-08 


147-59  lOOHK) 

6.  ABSEmouB  Acid* 

Dissolve  about  0*2  grm.  pure  arsenious  add  in  small  lumps  in  a 
middle-sized  flask,  with  a  glass  stopper,  in  some  solution  of  soda,  hj 
digesting  on  the  water-bath ;  dilute  with  a  little  water,  add  hydrochloric 
Bmd  in  excess,  and  then  nearly  fill  the  flask  with  clear  sulphuretted 
hydrogen  water.  Insert  the  stopper  and  shake.  If  the  sulphuretted 
hydrogen  is  present  in  excess,  the  precipitation  is  tenninated ;  if  not^ 
conduct  an  excess  of  sulphuretted  hydrogen  gas  into  the  fluid;  proceed 
in  all  other  respects  exactly  as  directed  §  127,  4. 

As 75  75-76 

O, 24  24-24 

99  100-00 
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(§§  202,  208.) 

7.  Carbois^ate  op  Lime. 

Heat  pure  carbonate  of  lime  in  powder  (no  matter  whether  Iceland 
spar  or  the  artificially  prepared  substance,  see  '^  Qual.  Anal./'  Am.  £d., 
p.  83)  gently  in  a  platinum  crucible. 

a,  JDetermination  of  Lime. — Dissolve  in  a  covered  beaker,  about  1 
grm.  in  dilute  hydrochloiic  acid,  heat  gently  until  the  carbonic  acid  is 
completely  expelled,  and  determine  the  lime  as  directed  §  103,  2,  6,  a. 

6.  JDetermination  of  Carbonic  Acid. — ^Determine  in  about  0*8  grm.  the 
carbonic  acid  after  §  139,  II.,  dy  cc. 

CaO 28  66-00 

CO2 22  44-00 


50  100-00 

8.  Sulphate  op  Copper. 

Triturate  the  pure  crystals  *  in  a  porcelain  mortar,  and  press  the  powder 
between  sheets  of  blotting  paper, 

*  [Boil  a  solution  of  commercial  blue  vitriol  with  a  little  pure  binoxide  of  lead 
(see  *'  Qual.  Anal./*  Am.  Ed.,  p.  58),  to  sesquiozidize  the  iron,  then  with  a  little 
carbonate  of  baryta,  to  precipitate  it,  filter  and  ozystallize.  H.  WUKTZ,  Am. 
Jour.  (2),  XXVI  367.] 
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o.  Deter minati<yii  of  Water  of  Crystallization, — 1.  Weigh  off  in  a 
2ru2ible  1 — 2  grm.  of  the  aalt,  and,  having  first  heated  the  air-bath  (Fig. 
22,  p.  39)  so  that  the  thennometer  stands  steadily  at  120° — 140°,  intro- 
duce the  crucible,  uncovered,  and  maintain  the  heat  for  two  hours. 
Then  cool  the  crucible  in  a  desiccator  and  weigh.  Heat  again  as  before, 
for  an  hour,  and  weigh.  If  need  be,  repeat  the  heating  until  no  more 
loss  occurs.  The  loss  expresses  the  amount  of  water  expelled  at  the 
temperature  of  140°,  or  four  equivalents.  2.  Kaise  the  temperature  of 
the  air-bath  to  between  250° — 260°  and  proceed  as  before.  The  loss  is 
the  one  equivalent  of  strongly  combined  water  of  crystallization,  or,  as 
some  term  it,  water  of  halhydration, 

b.  Determination  of  Sidphuric  Acid, — In  another  portion  of  the  sul- 
phate of  copper  (about  1*5  grm.)  determine  the  sulphuric  acid  according 
to  §  132,  L,  1. 

a.  Determination  of  Oxide  of  Copper, — ^In  about  1*5  grm.  determine 
the  oxide  of  copper  as  directed  §  119,  1,  o,  a. 

CuO 39-70  31-83 

SO3 40-00  '             32-08 

HO 900  7-22 

4aq 36-00  28-87 


124-70  10000 

9.  Crystallized  Phosphate  op  Soda. 

a.  Determination  of  the  Water  of  Crystallization. — Heat  about  1 
grm.  of  the  pure  uneffloresced  salt  in  a  platinum  ci-ucible,  slowly  and 
moderately,  first  in  the  water-bath,  then  in  the  air-bath,  and  finally  some 
distance  above  the  lamp  (not  to  visible  redness) ;  the  loss  of  weight  gives 
the  amount  of  water  of  crystallization. 

6.  Determination  of  tJie  Water  of  Constitution, — Ignite  the  residue 
of  a. 

c.  Determination  of  Phosphoric  Add, 

a.  Treat  1-5 — 2  grm.  of  the  salt  as  directed  §  134,  6,  a. 

p.  Treat  about  1  grm.  of  the  salt  after  §  134,  c. 

y.  Treat  about  0*2  grm.  of  the  salt  as  directed  §  134,  6,  fi. 
I  recommend  the  student  to  perform  the  determination  by  each  of 
these  methods,  as  they  are  all  in  comi^on  use  in  the  analytical  labora- 
tory. 

d.  Determination  of  Soda, — Treat  about  1-5  grm.  of  the  salt  according 
to  §  135,  a,  a.  After  the  excess  of  lead  has  been  separated  with  hydro- 
sulphuric  acid,  the  fiuid  is  to  be  evaporated  to  dryness  and  weighed  in  a 
platinum  dish ;  comp.  §  69,  6,  and  §  98,  2. 

PO, 71-00  19-83 

2NaO 62-00  17-32 

HO 9-00  2-51 

24aq 21600  60*34 

358-00      100-00 

10.  Chloride  op  Silver. 
Ignite  pure  fused  chloride  of  silver  in  a  stream  of  pure  dry  hydrogen 
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till  complete  decomposition  is  effected,  and  weigh  the  silver  obtained. 
The  ignition  may  be  performed  in  a  light  bulb  tube,  or  in  a  porcelain 
boat  in  a  glass  tube,  or  in  a  porcelain  crucible  with  perforated  cover 

(§  115,  4).  . 

The  chlorine  may  be  in  this  case  estimated  by  difference  ;  if  you  want 

to  determine  it  directly,  proceed  as  directed  §  141,  II.,  b, 

Ag 107-97  75-28 

CI 35-46  24-72 


143-43  100-00 

11.  Sulphide  op  Mercury. 

Beduce  to  a  fine  powder,  and  dry  at  J  00°, 

a.  Determination  of  JSulphur. — Treat  about  0'5  grm.,  as  directed  §  148, 
l9,  p.  326,  using  nitric  acid  and  chlorate  of  potassa.  Precipitate  with 
chloride  of  barium,  and  after  decanting  the  clear  liquid  into  a  filter,  boil 
the  sulphate  of  baryta  twice  with  dilute  solution  of  acetate  of  ammonia, 
and  finally  wash  with  hot  water. 

b.  Determination  of  Mercury, — Dissolve  about  0*5  grm.  as  before, 
dilute,  and  allow  to  stand  in  a  moderately  warm  place  until  the  smell  of 
chlorine  has  nearly  gone  ofi*;  filter  if  necessary,  add  ammonia  in  excess, 
heat  gently  for  some  time,  add  hydrochloric  acid  until  the  white  pre- 
cipitate of  chloride  of  mercury  and  amide  of  mercury  is  redissolved,  and 
treat  the  solution,  which  now  no  longer  smells  of  chloiine,  as  directed 
§  118,  3. 

Hg 100.00  86-21 

S 16-00  13-79 


llG-00  100-00 

12.  Crystallized  Sulphate  of  Lime. 

Select  clean  aud  pure  crystals  of  selenite,  triturate,  and  dry  under  the 
desiccator  (§  27). 

a.  JJetermincUion  of  Water. — After  §  35,  cr,  a. 

5.  Determination  of  tSuljjhuric  Acid  and  Dime  (§  132,  II.,  6,  a), 

CaO 28  32-56 

SO3 40  40-51 

2aq 18  20-93 

86  100  00 


C.   SEPARATION  OF  TWO  BASES  OR  TWO  ACIDS  FROM  EACH  OTHER, 
AND  DETERMINATIONS  IN  THE  VOLUMETRIC  WAY. 

13.  Separation  of  Iron  from  Manganese. 

Dissolve  in  hydrochloric  acid  about  0  2  grm.  fine  pianoforte  wire,  and 
about  the  same  quantity  of  ignited  protosesquioxide  of  manganese  (pre- 
pared as  directed  §  109*,  1  a);  heat  with  a  little  nitric  acid,  and  separate 
the  two  metals  by  means  of  acetate  of  soda  (p.  363,  70).  Detennine  the 
manganese  as  directed  §  109,  3. 
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1 4.  Volumetric  Determination  of  Iron  by  Solution  of 

Permanganate  of  Potassa. 

a.  Ghaduatio7i  of  the  Solution  of  Permanganate  of  Potassa, 

a.  By  metallic  iron  (fine  piano  wire).  0*2  grm.  to  be  dissolved  ic 
dilute  sulphuric  acid  (p.  194).  Use  the  iron  wire,  a  portion  of  which  haa 
been  analyzed  in  Exercise  2,  and  correct  for  impurities  accordingly. 

IB.  By  oxalate  of  aumionia.  0*2 — 0*3  gi*m.  to  be  weighed  off  (p. 
196). 

h.  Determination  6f  the  Protoxide  of  Iron  in  dovhle  StUphate  of 
Protoxide  of  Iron  and  Ammonia. 

a.  In  solution  acidified  with  sulphuric  acid  (p.  197,  ^). 

j3.  In  solution  acidified  with  hydrochloric  acid  (p.  198,  note). 

The  formula  requires  18*37  per  cent,  of  Fe  O. 

c.  Determination  of  the  Iron  in  a  limonite. 

Powder  finely,  dry  at  100°,  weigh  off  2  grm.,  heat  with  strong  hydro- 
chloric acid  till  the  sesquioxide  of  iron  is  completely  dissolved,  dilute, 
filter,  make  the  solution  up  to  200  c.  c,  and  mix.  In  20  c.  c.  of  this  so- 
lution determine  the  iron  after  §  113,  3,  a,  p.  203.  Reserve  half  of  the 
solution  for  the  next  exercise  (see  also  p.  524). 

15.   Volumetric  Determination  of  Iron  with  Hyposulphite  of 

Soda. 

a.  Grradiiation  of  the  Solution  of  Hyposulphite  of  Soda. 

a.  By  solution  of  sesquichloride  of  iron  (p.  204). 
p.  By  ammonia-iron-alum  (p.  204). 

h.  Determination  of  Iron  in  Limonite. 

Use  20  c.  c.  of  the  solution  obtained  in  Exercise  14,  c,  after  making 
tore  that  the  iron  all  exists  in  the  state  of  sesquioxide  (see  p.  192,  1,  a.) 

16.  Determination  of  Nitric  Acid  in  Nitrate  of  Potassa. 

Heat  pure  nitre,  not  to  fusion,  and  transfer  it  to  a  tube  provided  with 
a  cork. 

a.  Treat  0*5  grm.  as  directed  p.  329,  0. 

5.  In  0'2  to  0*3  grm.,  estimate  nitric  acid  according  to  p.  330,  d^  a. 

KO 47-11 46-59 

NO. 54-00 53-41 

101-11 100-00 

17.  Separation  of  Magnesia  from  Soda. 

Dissolve  about  0*4  grm.  pure  recently  ignited  magnesia*  and  about 
0*5  grm.  pure  well-dried  chloiide  of  sodium  in  dilute  hydrochloric  acid 

*  This  may  be  prepared  accordiDg  to  19,  p.  845. 
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(avoiding  a  large  excess),  and  separate  with  oxalic  acid,  after  p.  345, 

16. 

18.  Separation  of  Potash  from  Soda. 

Triturate  crystallized  tartrate  of  potassa  and  soda  (Kocbelle  salt), 
press  between  blotting  pai>er,  weigh  oft*  about  1*5  grm.,  heat  in  a  plati- 
num crucible,  gently  at  first,  then  for  some  time  to  gentle  ignition.  The 
carbonaceous  residue  is  first  extracted  with  water,  finally  with  dilute 
hydrochloric  acid,  the  acid  fluid  is  evaporated  in  a  weighed  platinum 
dish,  an<l  the  chloiides  are  weighed  together  (§  97, 3).  Then  sei>arate 
them  by  bichloride  of  platinum  (p.  339,  1),  and  calculate  from  the 
result^)  the  quantities  of  soda  and  potassa  severally  contained  in  the 
Rochelle  salt. 

KO 47-11 16-70 

NaO 31-00 10-99 

CgHAo 13200 46-79 

8aq 72-00 25-52 


282-11  100-00 

19.  Volumetric  Determination  op  Chlorine  in  Chlorides. 

a.  Preparation  and  examination  of  the  solution  of  nitrate  of  silver 
(§  141.  I.,  b.  a). 

b.  Indirect  determination  of  the  soda  and  potassa  in  Kochelle  salt,  by 
volumetric  estimation  of  the  chloiine  in  the  alkaline  chlorides  prepared 
as  in  No.  18.     For  calculation,  see  §  197,  a  (p.  465). 

20.  Separation  of  Zinc  from  Cadmium. 

Dissolve  in  hydrochloric  acid  about  0*4  grm.  of  pure  oxide  of  cad- 
mium, and  about  the  same  quantity  of  pure  oxide  of  zinc,  both  recently 
ignited,  and  separate  the  metals  as  directed  p.  376,  95- 

21.    ACIDIMETRY. 

a.  Preparation  of  standard  sulphuric  acid  and  solution  of  soda. 
(§  204,  a.)  pp.  490-493. 

b.  Determination  of  acid  in  hydrochloric  acid,  by  the  specific  gravity 

c.  Deterniination  of  acid  in  the  same  hydrochloric  acid,  by  an  alkaline 
fluid  of  kiio\\'n  strength  (p.  494). 

d.  Deterniination  of  acid  in  colored  vinegar,  by  saturation  with  a 
standard  alkaline  solution.     (Application  of  test  papers,  p.  496.  /?.) 

e.  Preparation  of  an  ammoniacal  solution  of  sulphate  of  copper  (§  205) ; 
determination  of  its  strength  by  normal  sulphuric  acid ;  estimation  of 
the  acid  in  the  hydrochloric  acid  used  in  c  and  t/,  by  means  of  the  cop- 
per solution  ;  in  this  latter  process  the  student  may  also  add  to  the 
hydrochloric  acid  some  neutral  sulphate  of  zinc. 

22.  Alkalimetry. 

rt.  Preparation  of  the  test  acid  after  Descroizilles  and  GAY-LusaAO 
(§  207). 
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5.  Valuation  of  a  soda-ash  after  expulsion  of  the  water  hy'  gentle 
ignition. 

a.  After  Descroizilles  and  Gay-Lussac  (p.  499). 
0.  After  MoHR  (p.  500). 

23.  Determination  of  Ammonia. 

Treat  about  0*8  grm.  chloride  of  ammonium  as  directed  §  99,  3,  a, 

NH,Cl..   18-00...  33-67                 NHa....   17-00...   31*80 
CI 35-46...   66-33  HCl 36-46...   68-20 


53-46       100-00  53-46      100-00 

24.   Separation  of  Iodine  from  Chlorine. 

Dissolve  about  0-5  grm.  pure  iodide  of  potassium  and  about  2 — 3 
grm.  pure  chloride  of  sodium  to  250  c.  c,  and  determine  the  iodine  and 
chlorine : — 

a.  In  50  c.  c,  after  8  169,  2,  a  (203).      Calculation  §  198,  c 

b.  In  50  c.  c,  after  8  169,  2,  b  (204). 

c.  In  10  c.  c,  after  §  169,  2,  c  (205).  ' 


D.  ANALYSIS  OF  ALLOYS,  MINERALS,  INDUSTRIAL  PRO- 
DUCTS, ETC.,  IN  THE  GRAVIMETRIC  AND  VOLUMETRIC 
WAY. 

25.  Analysis  of  Brass. 

Brass  consists  of  from  25  to  35  per  cent,  of  zinc  and  from  75  to  65 
per  cent,  of  copper.  It  also  contains  usually  small  quantities  of  tin  and 
lead,  and  occasionally  traces  of  iron. 

Dissolve  about  20  grm.  in  nitric  acid,  evaporate  on  the  water-bath  to 
dryness,  moisten  the  residue  \^'ith  nitric  acid,  add  some  water,  warm, 
dilute  still  further,  and  filter  off  any  residual  binoxide  of  tin  (§  126,  1, 
a).  Add  to  the  filtrate,  or,  if  the  quantity  of  tin  is  very  inconsidera- 
ble, directly  to  the  solution,  about  20  c.  c.  dilute  sulphuric  acid ;  evapo- 
rate to  dryness  on  the  water-bath,  add  50  c.  c.  water,  and  apply  heat. 
If  a  residue  remains  (sulphate  of  lead),  filter  it  off,  and  treat  it  as 
directed  §  116,  3.  In  the  filtrate,  separate  the  copper  from  the  zinc 
by  hyposulphite  of  soda  (p.  377,  99)«  If  the  quantity  of  iron  present 
can  be  determined,  determine  it  in  the  weighed  oxide  of  zinc  (§  160). 

26.  Analysis  of  Solder  (Tin  and  Lead). 

Introduce  about  1*5  grm.  of  the  alloy,  cut  into  small  pieces,  into  a 
flask,  treat  it  with  nitric  acid,  and  proceed  as  directed  p.  391,  133,  to 
effect  the  separation  and  estimation  of  the  tin. 

Mix  the  filtrate  in  a  porcelain  dish  with  pure  dilute  sulphuric  acid, 
evaporate  the  nitric  acid  on  the  water  bath,  and  proceed  with  the  sul- 
phate of  lead  obtained  as  directed  §  116,  3.  Test  the  fluid  filtered  from 
the  sulphate  of  lead  with  sulphuretted  hydrogen  and  sulphide  of  ammo- 
nium for  the  other  metals  which  the  alloy  might  contain  besides  tin 
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and  lead.  The  binoxide  of  tin  may  contain  small  quantities  of  iron  or 
copper ;  it  is  tested  for  these  by  fusion  with  carbonate  of  soda  and  nk 
phur  (p.  389,  8). 

27.  Analysis  of  a  Dolomite. 
See  §  221. 

28.  Analysis  of  Felspar. 

a.  Decomposition  by  carbonate  of  soda  (§  140,  II.,  6.);  removal  of  tiie 
silicic  acid ;  precipitation  of  the  alumina  together  with  the  small  quantity 
of  sesquioxide  of  iron  by  ammonia  (in  platinum  or  Berlin  porcelain,  not 
in  glass  vessels)  after  §  161,  3  (88);  separation  of  baryta,  if  present, 
from  the  filtrate  with  dilute  sulphuric  acid,  and  then  of  lime  with  ox- 
alate of  ammonia,  §154  (23)*  Finally,  separation  of  the  alumina  from 
the  sesquioxide  of  iron  generally  present  in  small  quantity  (§  160). 

b.  Decomposition  by  Smith's  method,  p.  303.  Separate  the  alka- 
lies after  §  152,  1. 

c.  Determined  loss  by  ignition. 

29.  Assay  of  a^  Calamine  ob  Smithsovitx. 

After  §  228. 

Volumetric  determination  of  the  zinc. 

30.  Analysis  of  Galena. 

a.  Determination  of  the  sulphur,  lead,  iron,  &c.,  as  directed  §  225. 

h.  Determination  of  the  silver  after  §  226. 

31.  Valuation  of  Chloride  of  Lime  (§  211). 

a.  After  Penot  (p.  505). 

b.  After   Bunsen   (p.  508). — The  solutions  to  be  prepared  and  the 
leparated  iodine  to  be  determined  as  directed  §  146  (p.  314). 

32.  Valuation  of  Manganese  (§  214). 

o.  After  Fresenius  and  Will  (p.  509). 
6.  After  Bunsen  (p.  512). 

c.  By  means  of  iion  (p.  512). 

33.  Analysis  of  Gunpowdeb. 
After  (p.  514). 

E.  DETERMIKATION  OF  THE  SOLUBILITY  OF  SALTS. 

34.  Determination  of  the  Degree  of  Solubility  op 

Common  Salt. 

a.  At  boiling  heat — Dissolve  perfectly  pure  pulverized  chloride  of 
Bodium  in  distilled  water,  in  a  flask,  heat  to  boiling,  and  keep  in  ebulli- 
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tion  until  part  of  the  dissolved  salt  separates.  Filter  the  fluid  now  with 
the  greatest  expedition,  through  a  funnel  surrounded  with  boiling  water 
and  covered  with  a  glass  phite,  into  an  accurately  tared  capacious  mea- 
suring flask.  As  soon  as  about  100  c.  c.  of  fluid  have  passed  into  the 
flask,  insert  the  cork,  allow  to  cool,  and  weigh.  Fill  the  flask  now  up 
zo  the  mark  with  water,  and  determine  the  salt  in  an  aliquot  portion  of 
the  fluid,  by  evaporating  in  a  platinum  dish  (best  with  addition  of  somo 
chloride  of  ammonium,  which  will,  in  some  measure,  prevent  decrepita- 
tion) ;  or  by  determining  the  chlorine  (§  141). 

6.  At  14®. — Allow  the  boiling  saturated  solution  to  cool  down  to  this 
temperature  with  frequent  shaking,  and  then  proceed  as  in  a. 

100  parts  of  water  dissolve  at  109*7° ....  40*35  of  chloride  of  sodium. 
100  "  *«  14°     ....   35*87  "         " 

35.  Determikatiok  of  the  Degree  of  Solubility  of  Sulphate 

OF  Lime. 

.-*.  At  100°. 

b.  At  12°. 

Digest  pui-e  pulvei*ized  sulphate  of  lime  for  some  time  with  water,  in 
che  last  stiage  of  the  process  at  40 — 50°  (at  which  temperature  sulphate 
of  lime  is  most  soluble) ;  shake  the  mixture  frequently  during  the  pro- 
cess. Decant  the  clear  solution,  together  with  a  little  of  the  precipi- 
tate, into  two  flasks,  and  boil  the  fluid  in  one  of  them  for  some  time ; 
allow  that  in  the  other  to  cool  down  to  12°,  with  frequent  shaking, 
and  let  it  stand  for  some  time  at  that  temperature.  Then  filter  both 
solutions,  weigh  the  filtrates,  and  determine  the  amount  of  sulphate  ot 
lime  respectively  contained  in  them,  by  evaporating  and  igniting  the 
residues. 

100  parts  of  water  dissolve  at  100° 0*217  of  anhydrous  sulphate  of  lime. 

100  **  "  12°  ....  0-233  '*  ** 


F.  DETERMINATION  OF  THE   SOLUBILITY  OF   GASES  IN 
FLUIDS,  AND  ANALYSIS  OF  GASEOUS  MIXTURES. 

36.  Determination  of  the  Absorption-Coefficient  of 

Sulphurous  Acid. 

See  Anriftl,  d.  Chem.  u.  Pharm.,  vol.  95,  page  1 ;  also  §  131,  2. 

37.  Analysis  of  Atmospheric  Aib. 
See  §§  240—242. 

G.  ORGANIC  ANALYSIS  AND  DFTERMINATIONS  OF  THE 
EQUIVALENTS  OF  ORGANIC  BODIES ;  ALSO  ANALYSES 
IN  WHICH  ORGANIC  ANALYSIS  IS  APPLIED. 

38.  Analysis  of  Tartaric  Acid. 

Selecc  clean  and  white  crystals.     Powder  and  dry  at  100®. 
a.  Bum  with  oxide  of  copper  (§§  174--  lib) 

37 
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b.  Bum  with  oxide  of  copper  and  finish  with  oxygen  gas  (§  176). 

c.  Bum  in  oxygen  (§  178). 

Cs 48   32 

H^ 6   4 

Oia 96   64 


150  100 

39.  Determination  of  the  Nitrogen  in  Crystallized  Ferroctanide 

OF  Potassium. 

Triturate  the  perfectly  pure  crystals,  dry  the  powder  in  the  desiccator 
(§  27),  and  determine  the  nitrogen  as  directed  §  185.  The  formula  r©- 
quL  ^s  19*87  per  cent,  of  nitrogen. 

40.  Analysis  of  Uric  Acid  (or  any  other  perfectly  pure  organic 
compound  of  carbon,  hydrogen,  oxygen,  and  nitrogen). 

Dry  pure  uric  acid  at  100°. 

a.  Determination  of  the  carbon  and  hydrogen  (§  183). 

b.  Determination  of  the  nitrogen. 
a.  After  I  185. 

e.  After  Dumas  (§  184). 

C, 30 35-71 

N, 28 33-33 

Hs 2 2-38 

O, 24 28-58 


84  100-00 

41.  Analysis  of  a  SuPEiipnospnATE  (§  235). 
42.  Analysis  of  Coal  (§  239). 

43.  Analysis  of  Ether. 

The  portion  employed  must  have  been  rendered  anhydrous  by  dig* 
tion  with  fused  chloride  of  calcium  and  recently  rectified. 
Process  §  180. 

C,    48 64-87 

H,o 10 13-51 

0«   16 21-62 
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44.  Analysis  and  Determination  of  the  Equivalbkt  op 

Benzoic  Acid. 

a.  Determination  of  the  silver  in  benzoate  of  silver  as  dirt^cted  §  115, 
1   or  4. 

h.  Dotormination  by  any  suitable  method  of  the  carbon  aj«\i  Uydrogen 
ill  the  hydiated  acid  dried  at  100°.     Calculation,  §  200. 
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45.  Analysis  and  Determination  of  the  Equivalent  of  an  Oroanio 

Base. 

Analysis  of  the  base  and  its  double  salt  "witli  platinum.     Calculation, 
§200. 

46.  Determination  of  the  Density  of  Camphor  Yapob. 
Method  described  §  191.     Calculation,  201. 

47.  Analysis  of  a  Cast  Iron. 
After  §  230. 


APPENDIX. 


ANALYTICAL  EXPERIMENTS. 


• 


1.  AcnoK  OF  Wateb  ufok  Glass  and  Porcrlain  Ybssbls,  in  the  Prookm 
OF  Evaporation  (to  §  41). 

A  large  bottle  was  filled  with  water  cantionsly  distilled  from  a  copper  boiler 
with  a  tin  condensing  tube.  All  the  experiments  in  1  were  made  with  this 
water. 

a.  300  c.  c. ,  cantionsly  evaporated  in  a  platinum  dish,  left  a  residue  weighing, 
after  ignition,  00005  grm.  =0*0017  per  1000. 

b.  600  c.  c.  were  evaporated,  boiling,  nearly  to  dryness,  in  a  wide  flask  of  Bo- 
hemian glass;  the  residue  was  transferred  to  a  platinum  dish,  and  the  flask 
rinsed  with  100  c.  c.  distilled  water,  which  was  added  to  the  residue  in  the 
dish ;  the  fluid  in  the  latter  was  then  evaporated  to  dryness,  and  the  residue 
ignited. 

The  residue  weighed 00104  grm. 

Deducting  from  this  the  quantity  of  fixed  matter  originally  con- 
tained in  the  distilled  water,  viz 0*0019     ** 

There  remains  substance  taken  up  from  the  glass 0'0002     ** 

=00153  per  1000. 

In  three  other  experiments,  made  in  the  same  manner,  800  a  a  left,  in  two 
0*0049  grm.,  in  the  third  0  0037  grm.;  which,  calculated  for  600  o.  a,  gives  an 

average  of 00000  grm. 

And  after  a  deduction  of 00012    ** 

0  0078    " 
=0-013  per  1000. 

We  may  therefore  assume  that  1  litre  of  water  dissolves,  when  boiled  down 
to  a  small  bulk  in  glass  vessels,  about  14  milligrammes  of  the  constituents  of 
the  glass. 

e.  GOO  c.  c.  were  evaporated  nearly  to  dryness  in  a  dish  of  Berlin  porcelain,  and 
in  all  other  respects  treated  as  in  5. 

The  residue  weighed 0*0015  grm. 

Deducting  from  this  the  quantity  of  fixed  matter  contained  in 
the  distilled  water,  viz 00012    " 

• 

There  remains  substance  taken  up  from  the  porcelain 0*0003    ** 

=00005  per  1000. 

2.  Action  of  Hydrochloric  Acid  upon  Glass  and  Porcelain  Vemiel% 
IN  THE  Process  of  Evaporation  (to  §  41). 

The  distilled  water  used  in  1  was  mixed  with  -^  of  pure  hydrochloric  add. 

a.  300  grm.,  evaporated  in  a  platinum  dish,  left  0*002  grm.  residue. 

b,  300  grm. ,  evaporated  first  in  Bohemian  glass  nearly  to  dryn'.Mii,  tiien  In  A 
platinum  dish,  left  0O019  residue;  the  dilute  hydrochloric  acid,  thexefore,  had 
not  attacked  the  glass. 

c  300  grm.  evaporated  in  Berlin  porcelain,  Stc^  left  0*0036  grm.,  aooordin|^ 
ftfter  deducting  0-002,  0'0016=0'0053  per  1000. 

*  Tb«  ezperimcnu  are  munbtred  m  in  the  orifiiml  editloa,  bat  mmm  an  oeiHfil 
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(f.  In  a  second  experiment  made  in  the  same  manner  as  in  6. ,  the  residue 
amounted  to  0  0034,  accordingly  after  deducting  0  002,  0-0014=0  0047  per 
1000. 

Hydrochloric  acid,  therefore,  attacks  glass  much  less  than  water,  whilst 
porcelain  is  about  equally  affected  by  water  and  dilute  hydrochloric  acid.  This 
shows  that  the  action  of  water  upon  glass  consists  in  tiie  formation  of  solubla 
basic  silicates. 

3.  Action  op  Solution  op  Chloride  op  Ammonium  .  upon  Glass  and 
Porcelain  Vessels,  in  the  Process  op  Evaporation  (to  §  41). 

In  the  distilled  water  of  1,  ^V  of  chloride  of  ammonium  was  dissolyed,  and  the 
solution  filtered. 

a,  300  c.  c.  evaporated  in  a  platinum  dish,  left  0  006  grm.  fixed  residue. 

h.  300  c.  c. ,  evaporated  first  nearly  to  diyness  in  Bohemian  glass,  then  to  dry* 
ness  in  a  platinum  dish,  left  0  0179  grm.;  deducting  from  this  0*006  grm.,  there 
remains  substance  taken  up  from  the  glass,  0 '01 19=0  0397  per  1000. 

c.  300  c.  c,  treated  in  the  same  manner  in  Berlin  porcelain,  left  0*0178;  de- 
ducting from  this  0006,  there  remains  0  0118=0  0393  per  1000. 

Solution  of  chloride  of  ammonium,  therefore,  strongly  attacks  both  glass  and 
porcelain  in  the  process  of  evaporation. 

4.  Action  op  Solution  op  Carbonate  op  Soda  upon  Glass  and  Pobcb- 
LAiN  Vessels  (to  §  41). 

In  the  distilled  water  of  1,  -|V  of  pure  crystallized  carbonate  of  soda  was 
dissolved. 

a.  300  c.  c,  supersaturated  with  hydrochloric  acid  and  evaporated  to  diyness 
in  a  platinum  dish,  &c.,  gave  0O026  grm.  silicic  acid=0'0087  per  1000. 

h.  300  c.  c.  were  gently  boiled  for  three  hours  in  a  glass  vessel,  the  evai)OTath 
ing  water  being  replaced  from  time  to  time ;  the  tolerably  concsentrated 
liquid  was  then  treated  as  in  ay  it  left  a  residue  weighing  0*1376  grm.  ;  de- 
ducting from  this  the  0*0026  grm.,  left  in  a,  there  remains  0*135  grm.  =0*450 
per  1000. 

c.  300  c  c,  tieated  in  the  same  manner  as  in  6,  in  a  por  elain  vessel,  left 
0*0000;  deducting  from  this  00020  grm.,  there  remains  0*0073=0-0243  per 
1000. 

Which  shows  that  boiling  Bolution  of  carbonat^j  of  soda  attacks  glass  very 
strongly,  and  porcelain  also  in  a  very  marked  manner. 

5.  Water  Distilled  prom  Glass  Vessels  (to  §  56,  1). 

42  41  grm.  of  water  distilled  with  extreme  caution  from  a  tall  flask  with  a 
Liebig's  condenser,  left,  upon  evaporation  in  a  platinum  dish,  a  residue  weigh- 
ing, after  ignition,  00018  grm.,  consequently  y-jr.bT- 

6.  Sulphate  op  Potash  and  Alcohol  (to  §  68,  a). 

a.  Ignited  pure  sulphate  of  potassa  was  digested  cold  with  absolute  alcohol, 
for  several  days,  with  frequent  shaking;  the  tluidwas  filtered  off,  the  filtrate  di- 
luted with  water,  and  then  mixed  with  chloride  of  barium.  It  remained  per- 
fectly clear  upon  the  addition  of  IhLs  reagent,  but  after  the  lapse  of  a  considera- 
ble time  it  began  to  exhibit  a  slight  opalescence.  Upon  evaporation  to  dryness, 
there  remained  a  very  trifling  residue,  which  gave,  however,  distinct  indications 
of  the  presence  of  sulphuric  acid. 

h.  The  same  salt  treated  in  the  same  manner,  with  addition  of  some  pure  con- 
centmtod  sulphuric  acid,  gave  a  filtrate  which,  upon  evaporation  in  a  platinum 
dish,  left  a  clearly  perceptible  fixed  residue  of  sulphate  of  potassa. 

7.  Deportment  op  Chloride  op  Potassium  in  the  Air  and  at  a  High 
Temperature  (to  §  08,  b). 

0  9727  grm.  of  ignited  (not  fused)  pure  chloride  of  potassium,  heated  for  10 
minutes  to  dull  redness  in  an  open  platinum  dish,  lost  0*0007  grm.  ;  the  salt  was 
then  kept  for  1 0  minutes  longer  at  the  same  temperature,  when  no  further  dimi- 
nution of  weight  was  observed.     Heated  to  bright  redness  and  semi- fusion,  the 


EXPERIMENTS.  583 

salt  suffered  a  farther  loss  of  weight  to  the  extent  of  0*0009  g^nxu     Ignitevl  in- 
tensely  and  to  perfect  fusion,  it  lost  0*0034  gnn.,  more. 

Eighteen  hours^  exposure  to  the  air  produced  not  the  slightest  increase  of 
weight. 

8.  Solubility  op  Potassio-Bichloride  op  Platinum  in  Alcohol  (to 
§  68,  c). 

a.  In  absence  of  free  Hydrocfdorie  Acid. 

a.  An  excess  of  perfectly  pure,  recently  precipitated  potassio-bichloride  of  pla- 
tinum was  digested  for  6  days  at  15 — 20  ,  with  alcohol  of  07*5  per  cent.,  in  a  stop- 
pered bottle,  with  frequent  shaking.  72*5  grm.  of  the  perfectly  colorless  filtrate 
left  upon  evaporation  in  a  platinum  dish,  a  residue  which,  dried  at  100%  weighed 
0  006  grm.  ;  1  part  of  the  salt  requires  therefore  12083  parts  of  alcohol  of  97*5 
per  cent,  for  solution. 

/?.  The  same  experiment  was  made  with  spirit  of  wine  of  76  per  cent  The 
filtrate  might  be  said  to  be  colorless ;  upon  evaporation,  .flight  blackening  ensued, 
on  which  account  the  residue  was  determined  as  platinum  75  5  gpnn.  yielded 
0  008  gprm.  platinum,  corresponding  to  0  02  grm.  of  the  salt.  One  part  of  the 
salt  dissolves  accordingly  in  3775  parts  of  spirit  of  wine  of  76  per  cent. 

V.  The  same  experiment  was  made  with  spirit  of  wine  of  55  per  cent.  The 
filtrate  was  distinctly  yellowish.  63  2  grm.  left  0  0241  grm.  platinum,  cor- 
responding to  0  06  grm.  of  the  salt.  One  part  of  the  salt  dissolves  accordingly 
in  1 053  parts  of  spirit  of  wine  of  55  per  cent. 

b.  In  presence  of  free  HydrocJtloric  Acid. 

Recently  precipitated  potassio-bichloride  of  platinum  was  digested  cold  with 
spirit  of  wine  of  76  per  cent.,  to  which  some  hydrochloric  acid  had  been  added. 
The  solution  was  yellowish;  67  grm.  left  0  0146  grm.  platinum,  which  corre- 
sponds to  00365  grm.  of  the  salt.  One  part  of  the  salt  dissolves  accordingly  in 
1835  parts  of  spirit  of  wine,  mixed  with  hydrochloric  acid. 

9.  Sulphate  op  Soda  and  Alcohol  (to  §  69,  a). 

Exi)erimente  made  with  pure  anhydrous  sulphate  of  soda,  in  the  manner  de- 
scribed in  6,  showed  that  this  salt  comports  itself  both  with  pure  alcohol,  and 
with  alcohol  containing  sulphuric  acid,  exactly  like  the  sulphate  of  potassa. 

10.  Deportment  op  ignited  Sulphate  op  Soda  in  the  Air  (to  §  69,  a). 

2*5169  grm.  anhydrous  sulphate  of  soda  were  exposed,  in  a  watch-glass,  to  the 
open  air  on  a  hot  summer  day.  The  first  few  minutes  passed  without  any  in- 
crease of  weight,  but  after  the  lapse  of  5  hours  there  was  an  increase  of  0  (KXJl 
grm. 

12.  Deportment  op  Chi.oride  op  Sodium  in  the  Air  (to  §  69,  b). 

4*3281  grrm.  of  chemically  pure,  moderately  ignited  (not  fused)  chloride  of 
so<lium,  which  had  been  cooled  under  a  bell-glass  over  sulphuric  acid,  acquired 
during  45  minutes^  exposure  to  the  (somewhat  moist)  air,  an  increase  of  weight 
of  0  0009  grm. 

13.  Deportment  op  Chloride  op  Sodium  upon  Ignition  by  itselp  and 
"WITH  Chloride  op  Am.monium  (to  §  69,  l), 

4  "3281  grm.  chemically  pure,  ignited  chloride  of  sodium  were  dissolved  in 
water,  in  a  moderate -sized  platinum  dish,  and  pure  chloride  of  ammonium  was 
added  to  the  solution,  which  was  then  evaporated  and  the  residue  gently  heated 
until  the  evolution  of  chloride  of  ammonium  fumes  had  apparently  ceased.  The 
residue  weighed  4*3334  grm.  It  was  then  very  gently  ignited  for  about  2  min- 
utes, and  after  this  re- weighed,  when  the  weight  was  found  to  be  4*3314  grm. 
A  few  minutes*  ignition  at  a  red  heat  reduced  the  weight  to  4*3275  grm.,  nnd  2 
minutes*  further  ignition  at  a  bright  red  heat  ^upon  which  occasion  white  fumes 
were  seen  to  escape),  to  4*3249  grm. 

14.  Deportment  op  Carbonate  of  Soda  in  the  Air  and  on  Ignition  (to 
§  09,  c). 

2*1061  grm.  of  moderately  ignited  chemically  pure  carbonate  of  soda  worn  ex* 
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pone.d  to  the  air  iii  an  open  platinum  di^h  in  July  in  bad  weather ;  after  1 0  min- 
Ut08  the  weight  was  2-1078.  after  1  hour  21118,  after  5  hours  21257. 

1  4212  grm.  of  moderately  i^itcd  chemically  pure  carbonate  of  80«ia  were  ig*- 
nited  for  5  minutes  in  a  covered  platinum  crucible ;  no  fusion  took  place,  and  th« 
weight  was  unaltered.  Heated  more  strongly  for  5  minutes,  it  partially  fused, 
and  then  weighed  1  '4202.  After  being  kept  fusing  for  5  minutes,  it  weighed 
1-4135. 

15.  Deportment  of  Chloride  of  Ammonium  tiPON  Eyaporation  and 
Drying  (to  §  70,  a). 

0*5625  grm.  pure  and  perfectly  dry  chloride  of  ammonium  was  dissolved  in 
water  in  a  platinum  d'sh,  evaporated  to  dryness  in  the  water-bath  and  completely 
dried  ;  the  weight  was  now  found  to  be  0  5022  grm.  (ratio  100 :  99  94).  It  was 
again  heated  for  15  minutes  in  the  water-bath,  and  afterwards  re-weighed,  when 
the  weight  was  found  to  be  0  5(51 2  grm.  (ratio  100 :  9977).  Exposed  once  more 
for  15  minutes  to  the  same  temperature,  the  residue  weighed  0*5608  g^rm.  (ratio 
100 :  99  69). 

16.  Solubility   of    Ammonio-Bichlortde   of   Platinum   in    Alcohol 

(to  §  70,  b). 

a.  In  absence  of  free  Hydrocfdoric  Acid. 

a.  An  excess  of  perfectly  pure,  recently  precipitated  ammonio-bichloride  of 
platinum  was  digested  for  6  days,  at  15 — 20",  with  alcohol  of  97  5  -per  cent.,  in  a 
stoppered  bottle,  with  frequent  agitation. 

74  3  grm  of  the  perfectly  colorless  filtrate  left,  upon  evaporation  and  ignition 
in  a  platinum  dish,  G  0012  grm.  platinum,  corresponding  to  0O028  of  the  salt. 
One  part  of  the  salt  requires  accordingly  26535  parts  of  alcohol  of  97  "5  per  cent. 

\  The  same  exf/eriment  was  made  with  spirit  of  wine  of  76  per  cent.  The 
filtrate  was  distinctly  j'ellowish. 

81*75  grm.  left  0(fe57  platinum,  which  corresponds  to  0  0584  grm.  of  the  salt. 
One  part  of  the  salt  dissolves  accordingly  in  1406  parts  of  spirit  of  wine  of  76  per 
cent. 

>.  The  same  experiment  was  made  with  spirit  of  wine  of  55  per  cent.  The 
filtrate  was  distinctly  yellow  Slight  blackening  enfmed  upon  evaporation,  and 
56  "5  grm.  left  00o<»l  i)latiDum,  which  corre8i)OTul8  to  0  0J<2T2  grm.  of  the  salt. 
Consequently,  1  part  of  the  salt  dissolves  in  OOo  parts  of  spirit  of  wine  of  55  per 
cent. 

b.  In  presence  of  Hydrochloric  Acid. 

The  experiment  described  in  /^  was  repeated,  with  this  modification,  that  some 
hydrochloric  acid  was  added  to  the  spirit  of  wine.  765  grm.  left  0  0501  grm. 
of  platinum,  which  corresponds  to  0  1K30  grm.  of  the  salt.  072  parts  of  the 
acidified  spirit  had  therefore  dissolved  1  part  of  the  salt. 

17.  SoLx^BiLiTY  OP  Catujonate  OP  Bakyta  IN  "VVater  (to  §  71,  b). 

a  III  Cold  Wafer.  —  Perfectly  pure,  recently  precipitated  Ba  O,  C  Oj  was  di- 
gested for  5  days  with  water  of  10 — 20  ,  with  frequent  shaking.  The  mixture 
was  filtered.  a)Hl  a  portion  of  the  filtrate  tested  with  sulphuric  acid,  another  por- 
tion with  ammonia  ;  the  former  reagent  immediately  produced  turbidity  in  the 
fluid,  tiie  latter  only  after  the  la]^se  of  a  considerable  time.  84  82  grm.  of  the 
solution  left,  upon  evaporation,  0  00(»0  Ba  O,  C  O...  1  part  of  that  salt  dissolves 
consequently  in  141r>7  j)arts  of  cold  water. 

/>.  J II  Hot  Wdtn'. — The  same  carbonate  of  baryta  being  boiled  for  10  minutes 
with  pure  distilled  water,  gave  a  filtrate  manifesting  the  same  reactions  as  tliat 
prepared  with  cold  water,  and  remaining  perfectly  clear  upon  cooling.  84 '82 
grm.  of  the  hot  solution  left,  upon  evaporation,  0  ()055  grm.  of  carbonate  of  ba- 
ryta.    One  part  of  that  salt  dissolves  therefore  in  15421  parts  of  boiling  water. 

18.  Solubility  op  Carbonate  of  Baryta  in  Water  containing  Ammonia 
AND  Carbonate  op  Am.monia  (to  §  71,  b). 

A  solution  of  chemically  pure  chloride  of  barium  was  mixed  with  ammonia  and 
carbonate  of  ammonia  in  excess,  gently  heated  and  allowed  to  stand  at  rest  for  13 
hours ;  the  fluid  was  then  filtered  off ;  the  filtrate  remained  perfectly  clear  upon 
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addition  of  stilphuric  acid ;  but  after  the  lapse  of  a  veiy  considerable  time,  a 
hardly  perceptible  precipitate  separated  84*82  grm.  of  the  filtrate  left,  upon 
evaporation  in  a  small  platinum  dish,  and  subsequent  gentle  ignition,  0  0000  gnn. 
1  part  of  the  salt  had  consequently  dissolved  in  141000  parts  of  the  fluid. 

19.  Solubility  of  Silico-Fluokide  op  Barium  ts  Water  (to  §  71,  <?). 

a.  Recently  precipitated,  thoroughly  washed  silico-fluoride  of  barium  was  di- 
gested for  4  days  in  cold  water,  with  frequent  shaking ;  the  fluid  was  then  filtered 
off,  and  a  portion  of  the  filtrate  tested  with  dilute  sulphuric  acid,  another  portion 
with  solution  of  sulphate  of  lime ;  both  reagents  produced  turbidity— the  former 
immediately,  the  latter  after  one  or  two  seconds— precipitates  separated  from 
both  portions  after  the  lapse  of  some  time.  84  "82  grm.  of  the  filtrate  left  a  resi- 
due which,  after  being  thoroughly  dried,  weighed  0  0223  grm.  1  part  of  the  salt 
had  consequently  required  3802  parts  of  cold  water  for  its  solution. 

b.  A  portion  of  another  sample  of  recently  precipitated  silico-fluoride  of  barium 
was  heated  with  water  to  boiling,  and  the  solution  allowed  to  cool  (upon  which  a 
portion  of  the  dissolved  salt  separated).  The  cold  fluid  was  left  for  a  consider- 
able time  longer  in  contact  with  the  undissolved  salt,  and  was  then  filtered  off. 
The  filtrate  showed  the  same  deportment  with  solution  of  sulphate  of  lime  as 
that  of  a.  84  82  grm.  of  it  left  0  025  grm.  One  part  of  the  salt  had  accordin^'ly 
dissolved  in  3392  parts  of  water. 

20.  Solubility  op  Silico-Fluoride  of  Barium  m  Water  acidified 
with  Hydrochloric  Acid  (to  §  71 ,  c). 

a.  Recently  precipitated  pure  silico-fluoride  of  barium  was  digested  with  fre- 
quent agitation  for  3  weeks  with  cold  water  acidified  with  hydrochloric  acid. 
The  filtrate  gave  with  sulphuric  acid  a  rather  copious  precipitate.  84  '82  grm . 
left  0*1155  grm.  of  thoroughly  dried  residue,  which,  calculated  as  silico-fluoride 
of  barium,  gives  733  parts  of  fluid  to  1  part  of  that  salt. 

b.  Recently  precipitated  pure  silico-fluoride  of  barium  was  mixed  with  water 
very  slightly  acidified  with  hydrochloric  acid,  and  the  mixture  heated  to  boiling. 
Cooled  to  12%  84*82  grm.  of  the  filtrate  left  a  residue  of  0 1322  grm.,  which  givea 
640  parts  of  fluid  to  1  part  of  the  salt. 

N.  B.  The  solution  of  silico-fluoride  of  barium  in  hydrochloric  acid  is  not  effect- 
ed without  decomposition  ;  at  least,  the  residue  contained,  even  after  ignition, 
a  rather  large  proportion  of  chloride  of  barium. 

21.  Solubility  of  Sulphate  of  Strontia  in  Water  (to  §  72,  a), 

a.  In  Water  of  W. 

84*82  grm.  of  a  solution  prepared  by  4  days'  digestion  of  recently  precipitated 
sulphate  of  strontia  with  water  at  the  common  temperature,  left  00123  grm.  of 
sulphate  of  strontia.  One  part  of  Sr  O,  S  Os  dissolves  consequently  in  6895 
parts  of  water. 

b.  In  Water  of  100% 

84*82  grm.  of  a  solution  prepared  by  boiling  recently  precipitated  sulphate  of 
strontia  several  hours  with  water,  left  0'0088  grm.  Consequently  1  part  of  Sr  O, 
S  O3  dissolves  in  9038  parts  of  boiling  water. 

22.  Solubility  of  Sulphate  op  Strontia  m  Water  coNTAunNO  Hydro- 
chloric Acid  and  Sulphuric  Acid  fto  §  72,  a), 

a.  84*82  grm.  of  a  solution  prepared  by  3  days*  digestion,  left  0*0077  grm. 
SrO,  SO3. 

b.  42*41  grm.  of  a  solution  prepared  by  4  days'  digestion,  left  0*0036  grm. 

e.  Pure  carbonate  of  strontia  was  dissolved  in  an  excess  of  hydrochloric  acid, 
and  the  solution  precipitated  with  an  excess  of  sulphuric  acid  and  then  allowed 
to  stand  in  the  cold  for  a  fortnight.     84*82  grm.  of  the  filtrate  left  0*0066  grm. 

In  a.  1  part  of  Sr  O,  S  Os  required  11016  parts. 
b,  1  **  **  11780      " 

A  1  "  "  12791      " 


Mean ...    11862  parts. 
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23.  Solubility  op  SuLrnATE  of  Stuontia  ts  dilute  Nitric  Acid, 
Hydrochloric  Acid,  and  Acetic  Acid  (to  §  72,  a). 

a.  Recently  precipitated  pure  sulphate  of  strontia  was  digested  for  2  days  ia 
the  cold  with  nitric  acid  of  4*8  per  cent  150  grm.  of  the  filtrate  left  0*3451  grm. 
1  part  of  the  salt  required  accordingly  435  p&rts  of  the  dilute  acid  for  its  solution  j 
in  another  experiment  1  part  of  the  salt  was  found  to  require  429  parts  of  tht 
dilate  acid.     Mean,  432  parts. 

b.  The  same  salt  was  digested  for  2  days  in  the  cold  with  hydrochloric  acid  of 
85  per  cent  100  grm.  left  0-2115,  and  in  another  experiment.  0*2104  grm.  1 
part  of  the  salt  requires,  accordingly,  in  the  mean,  474  parts  of  hydrochloric 
acid  of  8  5  per  cent,  for  its  solution. 

(k  The  same  salt  was  digested  for  2  days  in  the  cold  with  acetic  acid  of  15'6 
percent.  A,  H  0.  100  grm.  left  0  0120,  and  in  another  experiment,  00129  grm. 
1  part  of  the  salt  requires,  accordingly,  in  the  mean,  7843  parts  of  acetic  acid  of 
15 "6  percent. 

24.  Solubility  op  Carbonate  op  Strontia  in  Cold  Water  (to  §  72,  b). 

Recently  precipitated,  thoroughly  washed  Sr  O,  C  Oj  was  digested  Reveral 
days  with  cold  distilled  water,  with  frequent  shaking.  84  82  grm.  of  the  filtrate 
left,  upon  evaporation,  a  residue  weighing,  after  ignition,  0  0047  grm.  1 
part  of  carbonate  of  strontia  requires  therefore  18045  parts  of  water  for  its 
solution. 

25.  Solubility  op  Carbonate  op  Strontia  in  Water  containing 
Ammonia  and  Carbonate  op  Ammonia  (to  §  72,  b). 

Recently  precipitated,  thoroughly  washed  carbonate  of  strontia  waa  digested 
for  four  weeks  with  cold  water  containing  ammonia  and  carbonate  of  ammonia, 
with  frequent  shaking.  84  82  grm.  of  the  filtrate  left  0*0015  grm.  Sr  O,  C  O,. 
Consequently,  1  part  of  the  salt  requires  50545  parts  of  this  fluid  for  it«  solution. 

If  solution  of  chloride  of  strontium  is  precipitated  with  carbonate  of  ammonia 
and  ammonia  as  directed  §  102.  2,  a,  sulphuric  acid  produces  no  turbidity  in  the 
filtrate,  after  addition  of  alcohol 

26.  Solubility  op  Carbonate  op  Lime  in  Cold  and  in  Boiling  Water 

(to  S  73.  b). 

a.  A  solution  prepared  by  boiling  as  in  20,  5,  was  digested  in  the  cold  for  4 
weeks,  with  frequent  ajcitation.  with  the  undissolved  precipitate.  84 '83  grm, 
left  OOOSO  Ca  O,  C  O,.      1  part  therefore  required  10001  parts. 

b.  Recently  precipitated  Ca  O.  C  0 .  was  boiled  for  some  time  with  distilled 
water.  42  41  grm.  of  the  filtrate  left,  upon  evaporation  and  gentle  ignition  of 
the  residue,  0  0048  Ca  0,  C  Oj.  1  part  requires  consequently  88^34  parts  of 
boiling  water. 

27.  Soi-rBiLiTY  OF  Ca  O.  C  0^  in  Water  containing  Ammonia  and  Carbo- 
N.VTK  OF  Ammonia  (to  g  73,  b). 

Pure  dilute  solution  of  chloride  of  calcium  was  precipitated  with  carbonate  of 
ammonia  and  ammonia,  allowed  to  stand  24  hours,  and  then  filtered.  84*82  grm. 
ieft  OOOUJgrm.  Ca  0,  C  O^.     1  part  requires  consequently  0r)24()  parts. 

28.  Deportment  of  Carbonate  op  Lime  upon  Ignition  in  a  Platinum 
Ckuciijle  (to  §  73,  b). 

0  7055  grm.  of  perfectly  dry  carbonate  of  lime  was  exposed,  in  a  small  and 
thin  platinum  cnicible,  to  the  gradually  increased,  and  finally  most  intense  heat 
of  a  goo<l  Behzeijus'  lamp.  The  crucible  was  open  and  placed  obliquely.  Aftei 
the  first  15  minutes  the  mass  weighed  0*6482 — after  half  an  hour  00250 — after  one 
hour  0  5927,  which  latter  weight  remained  unaltered  after  15  minutes'  additional 
heating.  This  corresponds  to  74  5  per  cent.,  whilst  the  proportion  of  lime  in 
the  carbonate  is  calculated  at  56  per  cent.  ;  there  remained  therefore  evidently 
still  a  considerable  amount  of  the  carbonic  acid. 

29.  Composition  of  Oxalate  of  Ltme  dried  at  100"  (to  §  73,  c). 

0  S510  jri*ni.  of  thoroughly  dry  pure  carbonate  of  lime  was  dissolved  in  hydro- 
chloric acid  ;  the  solution  was  precipitated  with  oxalate  of  ammonia  and  am- 


EXPERIMENTS.  587 

monia,  and  the  precipitate  collected  upon  a  weighed  filter  and  dried  at  100°, 
nntil  the  weight  remained  constant.  The  oxalate  of  lime  bo  produced  weighed 
l'246l  grm.  Calculating  this  as  CaO,  C^  Oa-l-aq.,  the  amount  found  contained 
0*4772  Ca  O,  which  corresponds  to  56  07  per  cent  in  the  carbonate  of  lime  ;  the 
calculated  proportion  of  lime  in  the  latter  is  56  per  cent. 

30.  Deportment  op  Sulphate  op  Magnesia  in  the  Air  and  upon  Ioni 
TION  (to  §  74,  o). 

0*8135  grm.  of  perfectly  pure  anhydrous  Mg  O,  S  O3  in  a  covered  platinum  cm 
cible  acquired,  on  a  fine  and  warm  day  in  June,  in  half  an  hour,  an  increase  of 
weight  of  0*004  grm.,  and  in  the  course  of  12  hours,  of  0  067  grm.     The  salt 
could  not  be  accurately  weighed  in  the  open  crucible,  owing  to  continual  increase 
of  weight. 

0*8135  grm.,  exposed  for  some  time  to  a  very  moderate  red  heat,  suffered  no 
diminution  of  weight ;  but  after  5  minutes*  exposure  to  an  intense  red  heat,  the 
substance  was  found  to  have  lost  0  0075  grm. ,  and  the  residue  gave  no  longer  a 
dear  solution  with  water.  About  0  2  grm.  of  pure  sulphate  of  magnesia  ex- 
posed in  a  small  platinum  crucible,  for  15  to  20  minutes,  to  the  heat  of  a  powerful 
blast  gaslamp,  gave,  with  dilute  hydrochloric  acid,  a  solution  in  which  chloride 
of  barium  failed  to  produce  the  least  turbidity. 

31.    SOLUBn^ITY  OP  THE  BASIC  PHOSPHATE  OP  MAGNESIA  AND  AMMONIA  IN 

PURE  Water  (to  §  74,  b), 

a.  Recently  precipitated  basic  phosphate  of  magnesia  and  ammonia  wai 
thoroughly  washed  with  water,  then  digested  for  24  hours  with  water  of  about 
15%  with  frequent  shaking. 

84*42  grm.  of  the  filtrate  left 0  0047  grm. 

of  pyrophosphate  of  magnesia. 

b.  The  same  precipitate  was  digested  in  the  same  manner  for  72 
hours 

84*42grm.  of  the  filtrate  left 0  0043    " 


Mean    0  0045    ** 

which  corresponds  to  0  00552  grm.  of  the  anhydrous  double  salt.     1  part  of  that 
fialt  dissolves  therefore  in  15293  parts  of  pure  water. 

The  cold  saturated  solution  gave,  with  ammonia,  after  the  lap.se  of  a  short 
time,  a  distinctly  perceptible  crystalline  precipitate; — on  the  addition  of  phos- 
phate of  soda,  it  remained  perfectly  clear,  and  even  after  the  lapse  of  two  days 
no  precipitate  had  formed ;  —  phosphate  of  soda  and  ammonia  produced  a  pVocipi- 
tate  as  large  as  that  by  ammonia. 

32.  SoLUBiLrrr  op  Basic  Phosphate  op  Magnesia  and  Ammonia  in  Water 

CONTAINING  AMMONIA  (tO  §  74,  b). 

a.  Pure  basic  phosphate  of  magnesia  and  ammonia  was  dissolved  in  the  least 
possible  amount  of  nitric  acid ;  a  large  quantity  of  water  was  added  to  the  solu- 
tion,  then  ammonia  in  excess.  The  mixture  was  allowed  to  stand  at  rest  for  24 
hours,  then  filtered;  its  temperature  was  14'.  84*42  grm.  left  0*0015  pyrophos- 
phate of  magnesia,  which  corresponds  to  000184  of  the  anhydrous  double  salt. 
Consequently  1  part  of  the  latter  requires  45880  parts  of  ammoniated  water  for 
its  solution. 

b  Pure  basic  phosphate  of  magnesia  and  ammonia  was  digested  for  4  weeks 
with  ammoniated  water,  with  frequent  shaking;  the  fluid  (temperature  14^)  was 
then  filtered  off;  126 "63  grm.  left  0  0024  pyrophosphate  of  magnesia,  which  cor- 
responds to  0*00296  of  the  double  salt.  1  part  of  it  therefore  dissolves  in  42780 
parts  of  ammoniated  water.  Taking  the  mean  of  a  and  6,  1  part  of  the  doub*  3 
salt  requires  44330  partfi  of  ammoniated  water  for  its  solution. 

83.  Another  Experiment  on  the  same  Subject  (to  §  74,  b). 

Recently  precipitated  phosphate  of  magnesia  and  ammonia,  most  carefully 
washed  with  water  containing  ammonia,  was  dissolved  in  water  acidified  with 
hydrochloric  acid,  ammonia  added  in  excess,  and  allowed  to  stand  in  the  cold  foi 
24  hours.  160*64  grm.  of  the  filtrate  left  0*0031  pyrophosphate  of  magnesia, 
corresponding  to  0*0038  of  anhydrous  phcsphate  of  magnesia  and  ammonia.  1 
part  of  the  double  salt  n squired  therefore  44G00  parts  of  the  fluid. 
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34.    SOLUBrLTTY   OF  TIIE  BASIC   PnOSPHATE  OF  MAGNESIA  AND  AMMOSU  II 

Water  containing  Chloride  of  A^imonium  (to  §  74,  b). 

Recently  precipitated,  thoroughly  washed  basic  phosphate  of  magnesia  and 
ammonia  was  digested  in  the  cold  with  a  solution  of  1  part  of  chloride  of  ammo* 
nium  in  5  parts  of  water.  18 '4945  grm.  of  the  filtrate  left  0  002  pyrophosphate 
of  magnesia,  which  corresponds  to  0*00245  of  the  doable  salt.  1  put  of  the  salt 
dissolves  therefore  in  7548  parts  of  the  fluid. 

35.  Solubility  of  the  Basic  Phosphate  of  Magnesia  and  Ammonu  m 
Water  containeno  Ai^imonia  and  Chloride  of  Ammonium  (to  §  74,  b). 

Recently  precipitated,  thoroughly  washed  phosphate  of  magnesia  and  ammo- 
nia was  digested  in  the  cold  with  a  solution  of  1  part  of  chloride  of  ammonium 
ill  7  parts  of  ammoniated  water.  23  1283  grm.  of  the  filtrate  left  0*0012  pyro- 
phosphate of  magnesia,  which  corresponds  to  0  00148  of  the  doable  salt.  1  part 
of  the  double  salt  requires  consequently  15627  parts  of  the  fluid  for  its  solutioiL 

36.  Deportment  op  Acid  Solutions  op  Pyrophosphate  of  Magnesu 
WITH  Ammonia  (to  §  74,  c). 

0  3985  grm.  pyrophosphate  of  magnesia  was  treated  for  seyeral  hoars,  at  a  high 
temperature,  with  concentrated  sulphuric  acid.  This  exercised  no  i>erceptible 
action.  It  was  only  after  the  addition  of  some  water  that  the  salt  dissoWed. 
The  fluid,  heated  for  some  time,  gave,  upon  addition  of  ammonia  in  excess,  a 
crystalline  precipitate,  which  was  filtered  off  after  18  hours;  the  quantity  of 
pyrophosphate  of  magnesia  obtained  was  0*3805  grm.,  that  is,  95*48  per  cent 
Phosphate  of  soda  produced  in  the  filtrate  a  trifling  precipitate,  which  gave 
0  0160  grm.  of  pyrophosphate  of  magnesia,  that  is,  3*76  per  cent. 

0'3505  grm.  pyrophosphate  of  magnesia  was  dissolved  in  3  grm,  nitric  acid, 
of  1  2  sp.  gr. ;  the  solution  was  heated,  diluted,  and  precipitated  with  ammo- 
nia: the  quantity  of  pyrophosphate  of  magnesia  obtained  amounted  to  0*3485 
grm.,  that  is,  98 '42  per  cent. ;  0-4975  grm.  was  treated  in  the  same  manner  with 
7  0  grm.  of  the  same  nitric  acid  :  the  quantity  re-obtained  was  0*4935  grm, ,  that 
is,  99*19  per  cent. 

0  786  grm.  treated  in  the  same  manner  with  16*2  grm.  of  nitric  acid,  gave 
0*7765  grm.,  that  is,  98*79  per  cent. 

The  result  of  these  experiments  may  be  tabulated  thus: — 

rroi>ortlon  of '2  Mjr  O,  P  Oi 

to  nitric  acid.  Ee-oMnined.  Loss. 

1   :     9  98*42  per  cent.  1*58 

1    :  15  99*19         ''  0-81 

1   :  20  98*79        "  1*21 

37.  Solubility  of  pure  Magnesia  in  "Water  (to  §  74,  d). 
a.  In  Cold  Water. 

Perfectly  pure  well-crystallized  sulphate  of  magnesia  was  dissolved  in  water, 
and  the  solution  precipitated  with  carbonate  of  ammonia  and  caustic  ammonia; 
the  precipitate  was  tlioroughly  washed — in  spite  of  which  it  still  retained  a  per- 
c(!])til)le  trace  of  siiljihuric  acid — then  dissolved  in  pure  nitric  acid,  an  excess  of 
acid  being  carefully  avoided.  The  solution  was  then  re -precipitated  with  car 
])onate  of  ammonia  and  caustic  ammonia,  and  the  precipitate  thoroughly  washed. 
The  so-prejiared  perfectly  pure  basic  carbonate  of  magnesia  was  ignited  in  a 
platinum  crucible  until  the  weiglit  remained  constant.  The  residuary  pure  mag- 
nc^sia  was  then  digested  in  the  cold  for  24  hoiu*s  with  distilled  water,  with  fre- 
quent shaking.  The  distilled  water  used  was  perfectly  free  from  chlorine,  and 
left  no  fixed  residue  upon  evaporation. 

.'.  84  82  grm.  of  the  filtrate,  cautiously  evaporated  in  a  platinum  dish,  left  a 
residue  weighing,  after  ignition,  0  0015  grm.  1  part  of  the  pure  magnesia  dis- 
solved therefore  in 66540 

parts  of  cold  water. 

The  digestion  was  continued  for  48  hours  loiiger,  when 

/?.  84-82  grm.  left  00010  grm.     1  part  required  therefore 53012 

y.  84-82  grm.  left  0*0015  grm.     1  part  required 50540 

Average  55368 
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• 

The  solution  of  magnesia  prepared  in  the  cold  way  has  a  feeble  yet  distinct 
nlkaline  reaction,  which  is  most  easily  perceived  upon  the  addition  of  very  faintly 
reddened  tincture  of  litmus ;  the  alkaline  reaction  of  the  solution  is  perfectly 
manifest  also  with  slightly  reddened  litmus  paper,  or  with  turmeric  or  dahlia 
paper,  if  these  test-papsrs  arc  left  for  some  time  in  contact  with  the  solution. 

Alkaline  oarbonates  fail  to  render  the  solution  turbid,  even  upon  boiling. 

Phosphate  of  soda  also  fails  to  impair  th^  clearness  of  the  solution,  but  if  the 
fluid  is  mixed  with  a  little  ammonia  and  shaken,  it  speedily  becomes  turbid,  and 
depocdts  after  some  time  a  perceptible  precipitate  of  basic  phosphate  of  magnesia 
and  ammonia. 

b.  In  Hot  Water. 

Upon  boiling  pure  magnesia  with  water,  a  solution  is  obtained  which  comporte 
itself  in  every  respect  like  the  cold-prepared  solution  of  magnesia.  A  hot-pre- 
pared solution  of  magnesia  does  not  become  turbid  upon  cooling,  nor  does  a  cold- 
prepared  solution  upon  boiling.  84*82  grm.  of  hot-prepared  solution  of  magnesia 
left  0  0010  grm  Mg  0. 

38.  Solubility  of  Pure  Magnesia  in  Solutions  op  Chloride  of 
Potassium  and  Ciilouide  of  Sodium  (to  §  74,  d), 

8  flasks  of  equal  size  were  chafed  as  follows: — 

1.  With  1  grm.  pure  chloride  of  potassium,  200  c.  o.  water  and  some  perfectly 
pure  magnesia. 

2.  With  1  grm.  pure  chloride  of  sodium,  200  o.  c.  water  and  some  pure  mag- 
nesia. 

3.  With  200  c.  o.  water  and  some  pure  magnesia. 

The  contents  of  the  3  flasks  were  kept  boiling  for  40  minutes,  then  filtered, 
and  the  clear  filtrates  mixed  with  equal  quantities  of  a  mixture  of  phosphate  of 
soda,  chloride  of  ammonium  and  ammonia.  After  12  hours  a  very  slight  preci- 
pitation was  visible  in  3,  and  a  considerably  larger  precipitation  had  taken  place 
in  1  and  2. 

89.  Precipitation  of  Alumina  by  Ammonia,  etc.  (to  §  75,  a), 

a.  Ammonia  produces  in  neutral  solutions  of  salts  of  alumina  or  of  alum,  as  is 
well  known,  a  gelatinous  precipitate  of  hydrate  of  alumina.  Upon  further  ad- 
dition of  ammonia  in  considerable  excess,  the  precipitate  redissolves  gradually, 
but  not  completely. 

b.  If  a  drop  of  a  dilute  solution  of  alum  is  added  to  a  copious  amount  of 
ammonia,  and  the  mixture  shaken,  the  solution  appears  almost  perfectly 
dear ;  however,  after  standing  at  rest  for  some  time,  slight  flakes  separate. 

0.  If  a  solution  of  alumina,  mixed  with  a  large  amount  of  ammonia,  is  filtered,  and 

a.  The  filtrate  boiled  for  a  considerable  time,  flakes  of  hydrate  of  alumina 
separate  gradually  in  proportion  as  the  excess  of  ammonia  escapes. 

0.  The  filtrate  mixed  with  solution  of  chloride  of  ammonium,  a  very  percep- 
tible flocculent  precipitate  of  hydrate  of  alumina  separates  immediately:  the 
whole  of  the  hydrated  alumina  present  in  the  solution  will  thus  separate  ii  the 
chloride  of  ammonium  be  added  in  sufficient  quantity. 

y.  The  filtrate  mixed  with  sesquicarbonate  of  ammonia,  the  same  reaction 
takes  place  as  in  /?. 

i.  The  filtrate  mixed  with  solution  of  chloride  of  sodium  or  chloride  of 
potassium,  no  precipitate  separates,  but.  after  several  days^  standing,  slight 
flakes  of  hydrate  of  alumina  subside,  owing  to  the  loss  of  ammonia  by  evaporation. 

d.  If  a  neutral  solution  of  alumina  is  precipitated  with  carbonate  of  ammonia, 
or  if  a  solution  strongly  acidified  with  hydrochloric  or  nitric  acid  is  precipitated 
with  pure  ammonia,  or  if  to  a  neutral  solution  a  sufficient  amount  of  chloride 
of  ammonium  is  added  besides  the  ammonia  ;  even  a  considerable  excess  of  the 
precipitants  will  fail  to  redissolve  the  precipitated  alumina,  as  appears  from  the 
continued  perfect  clearness  of  the  filtrates  upon  protracted  boiling  and  evapora' 
tion. 

40.  Precipitation  of  Alumina  by  Sulphide  of  Ammonium  (to  §  75,  a). 

{Ejrfierinvents  made  by  Mr.  J.  Fuciis,  fornurly  AMUtant  in  my  Lfibornt jry.) 
a.  50  o.  o.   of  a  solution  of  pure  ammonia-alum,  which  contained   )'3939 
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alnmina,  were  mixed  with  50  c  o.  water  and  10  c.  c.  solntioii  of  sal]  bide  fA 
ammonium,  and  filtered  after  ten  minutea.  The  ig^nited  precipitate  weighed 
0  382.")  grra. 

h.  The  HJime  experiment  was  repeated  with  100  a  o.  water ;  the  predpitito 
weighed  0  o759  grm. 

c.  The  same  experiment  was  repeated  with  200  o.  a  water ;  the  predpitata 
weighed  0'3G42  grm. 

41.  Precipitation  of  Sesquioxide  of  Chromium  by  Ammonia  (to  { 
76,  a). 

Solutions  of  sesquichloride  of  chromium  and  of  chrome-altun  (concentrated 
and  dilute,  neutral  and  acidified  with  hydrochloric  acid)  were  mixed  with  am- 
monia in  excess.  All  the  filtrates  dra^m  off  immediately  after  precipitation  ap- 
peared red,  but  when  filtered  after  ebullition,  they  all  appeared  colorless,  if  the 
ebullition  had  been  sufficiently  protracted. 

42.  Solubility  of  the  Basic  Carbonate  of  Zinc  in  Water  (to  §  77, 4 

Perfectly  pure,  recently  (hot)  precipitated  basic  carbonate  of  zinc  was  gently 
heated  with  distilled  water,  and  subsequently  digested  cold  for  many  weeks, 
with  frequent  shaking.  The  clear  solution  gave  no  precipitate  with  sulphide  of 
ammonium,  not  even  after  long  standing. 

84*82  grm.  left  0'0014  grm.  oxide  of  idnc,  which  corresponds  to  O'OOIS 
basic  carbonate  of  zinc  (74  per  cent,  of  Zn  O  being  assumed  in  this  salt). 
One  part  of  the  basic  carbonate  requires  therefore  44642  parts  of  water  for  ao- 
lution. 

In  EACn  OF  the  three  following    numbers    the    sulphide   was  PR*- 

cipitated  from  the  solution  of  the  neutral  salt  with  addition  of  chloride  of  ammo- 
nium by  yellow  sulphide  of  ammonium,  and  allowed  to  stand  in  a  closed  vessel 
After  24  hours  the  clear  fluid  was  poured  on  to  6  filters  of  equal  size,  and  the 
precipitate  was  then  equally  distributed  among  them.  The  wjsshing  was  at 
once  commenced  and  continued,  without  interruption,  the  following  fluids  beiiig 
used  :  — 

I.  Pure  water. 

II.  Water  containing  sulphuretted  hydrogen. 

III.  Water  containiujr  sulphide  of  ammonium, 

IV.  Water  containing  chloride  of  ammonium,  afterwards  pure  water. 

V.  Water  containing  sulphuretted   hydrogen   and   chloride  of   ammom'nm, 
afterwanis  water  containins:  sulphuretted  hydrogen. 
VI.   Water  containing   suljihide  of   ammonium  and  chloride  of   ammonium, 
afterwards  water  containing  sulphide  of  ammonium. 

A'^.  Deportment  of  Stilpiiide  of  Zinc  on  WAsniNG  (to  §  77,  e). 

The  filtrates  were  at  first  colorless  and  clear.  On  washing,  the  first  three  fil- 
tmtes  run  throupfh  turbid,  the  turbidity  was  strongest  in  II.  and  weakest  in 
III.  ;  the  last  three  remained  quite  clear.  On  adding  sulphide  of  ammonium  no 
chaiijre  todk  place  ;  the  turbidity  of  the  first  three  was  not  increased^  the  clear- 
ness of  the  last  three  was  not  impaired.  Chloride  of  ammonium  therefore  de- 
cidedly exercises  a  favorable  action,  and  the  water  containing  it  may  be  displaced 
by  water  containing  sulphide  of  ammonium. 

44.  Deportment  of  Sulphide  of  Manganese  on  Washing  (to  §  78,  e\ 

The  filtrates  were  at  first  clear  and  colorless.  But  after  the  washing  had 
been  continued  some  time,  I.  appeared  colorless,  slightly  opalescent ;  IL 
whitish  and  turbid:  III.  yelloNvish  and  turbid;  IV.  colorless,  slightly  turbid ; 
V.  slightly  yellowish,  nearly  clear ;  VL  clear,  yellowish.  To  obtain  a  filtrate 
that  remains  clear,  therefore,  the  wash-water  must  at  first  contain  chloride  of 
ammonium.  Addition  of  sulphide  of  ammonium  also  cannot  be  dispensed 
with,  as  all  the  filtrates  obtiiined  without  this  addition  gave  distinct  pre- 
cipitates of  sulphide  of  manganese  when  the  reagent  was  subsequently  added  to 
them. 
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.  Deportment  op  Sulphide  op  Nickel  (also  op  Sulphide  of  Cobalt 
Sulphide  op  Iron)  on  Washing  (to  §  79,  d). 

the  experiments  with  sulphide  of  nickel  the  clear  filtrates  were  put  aside, 

then  the  washing  was  proceeded  with.     The  washings  of  the  first  3  ran 

mgh  turbid,  of  the  last  8  clear.     When  the  washing  was  finished,  I.  wa9 

lorless  and  clear ;  II.  blackish  and  clear  ;  III.  dirty  yellow  and  clear  ;  IV.  col- 

and  clear ;  V.  slightly  opalescent ;  VI.  slightly  brownish  and  opalescent. 

addition  of  sulphide  of  ammonium,  I.  became  brown  ;  II.  remained  unaltcr- 

j  III.  remained  unaltered ;  IV.  became  black  and  opaque  ;  V.  became  brown 

clear  ;  VI.  became  pure  yellow  and  clear. 
Sulphide  of  cobalt  and  sulphide  of  iron  behaved  in  an  exactly  similar  manner. 
is  plain  that  these  sulphides  oxidize  more    rapidly  when  the  wash-wate^ 
tins  chloride  of  ammonium,  unless  sulphide  of  ammonium  is  also  present. 
[ence   it  is   necessary   to  wash  with  a   fluid   containing  sulphide  of  ammo- 
Itiin ;  and  the  addition  of  chloride  of  ammonium  at  first  is  much  to  be  re- 
,  ^^mmended,  as  this  diminishes  the  likelihood  of  our  obtaining  a  muddy  fil- 


46.  Deportment  of  Hydrate  op  Protoxide  op  Cobalt  precipitated 
Alkalies  (to  §  80,  a). 

A  solution  of  protochloride  of  cobalt  was  precipitated  boiling  with  solution 
cf  soda,  and  the  precipitate  washed  with  boiling  water  until  the  filtrate  gave  no 
longer  the  least  indication  of  presence  of  chlorine.  The  dried  and  ignited  resi  ■ 
due,  heated  with  water,  manifested  no  alkaline  reaction.  It  was  reduced  by  ig- 
nition in  hydrogen  gas,  and  the  metallic  cobalt  digested  hot  with  water.  The 
decanted  water  manifested  no  alkaline  reaction,  even  after  considerable  con- 
centration ;  but  the  metallic  cobalt,  brought  into  contact,  moist,  with  turmerio 
paper,  imparted  to  the  latter  a  strong  brown  color. 

47.  Solubility  op  Carbonate  op  Lead  (to  §  83,  a). 

a.  In  pure  Water. 

Recently  precipitated  and  thoroughly  washed  pure  'carbonate  of  lead  wan 
digested  for  8  days  with  water  at  the  common  temperature,  with  frequent 
shaking.  84 '42  grm.  of  the  filtrate  were  evaporated,  with  addition  of  some 
pure  sulphuric  acid;  the  residuary  sulphate  of  lead  weighed  0"0019  grm., 
which  corresponds  to  0*00107  carbonate  of  lead.  One  part  of  the  latter  salt 
dissolves  therefore  in  50551  parts  of  water.  The  solution,  mixed  with  sul- 
phuretted hydrogen  water,  remained  perfectly  colorless,  not  the  least  tint 
being  detected  in  it,  even  upon  looking  through  it  from  the  top  of  the  test- 
qylinder. 

b.  In  Water  contoining  a  Utile  Acetate  of  Ammonia  and  also  Carbonate  of 
Ammonia  and  Ammonia. 

A  highly  dilute  solution  of  pure  acetate  of  lead  was  mixed  with  carbonate  of 
ammonia  and  ammonia  in  excess,  and  the  mixture  gently  heated  and  then  al- 
lowed to  stand  at  rest  for  several  days.  84  '42  grm.  of  the  filtrate  left,  upon  evap- 
oration with  a  little  sulphuric  acid,  00041  g^rm.  sulphate  of  lead,  which  corre- 
sponds to  0  0036  of  the  carbonate.  One  part  of  the  latter  salt  requires  accordingly 
23450  parts  of  the  above  fluid  for  solution.  The  solution  was  mixed  with  sulphu- 
retted hydrogen  water ;  when  looking  through  the  fluid  from  the  top  of  the  test- 
cylinder,  a  distinct  coloration  was  visible  ;  but  when  looking  through  the  cylinder 
laterally,  this  coloration  was  hardly  perceptible.  Traces  of  sulphide  of  lead 
separated  after  the  lapse  of  some  time. 

c.  In  Water  containing  a  large  proportion  of  Nitrate  of  Ammonia^  together  toith 
Carbonate  of  Ammonia  and  Caustic  Ammonia, 

A  highly  dilute  solution  of  acetate  of  lead  was  mixed  with  nitric  acid,  thei? 
with  carbonate  of  ammonia  and  ammonia  in  excess ;  the  mixture  was  gently 
heated,  and  allowed  to  stand  at  rest  for  8  days.  The  filtrate,  mixed  with  sul- 
phuretted hydrogen,  exhibited  a  very  distinct  brownish  color  upon  looking  through 
it  from  the  top  of  the  cylinder ;  but  this  color  appeared  very  slight  only  when 
looking  through  the  cylinder  laterally.  The  amount  of  lead  dissolved  was  unquoa* 
tionably  more  considerable  than  in  b. 
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48.  Solubility  of  Oxalate  op  Lead  (to  §  83,  b), 

A  dilate  solution  of  acetate  of  lead  was  precipitated  with  oxalate  of  ammonia 
and  ammonia,  the  mixture  allowed  to  stand  at  rest  for  some  time,  and  then  fil> 
tered.  The  filtrate,  mixed  with  sulphuretted  hydrogen,  comported  itself  exactly 
like  the  filtrate  of  No.  47,  b.  The  same  deportment  was  observed  in  imother 
similar  experiment,  in  which  nitrate  of  ammonia  had  been  added  to  the  solution. 

49.  Solubility  of  Sulphate  of  Lead  in  Pure  Water  (to  §  83,  d). 

Thoroughly  washed  and  still  moist  sulphate  of  lead  was  digested  for  5  days 
with  water,  at  10 — 15",  with  frequent  shaking.  84  42  grm.  of  the  filtrate  (filtered 
off  at  11'')  left  0*0037  grm.  sulphate  of  lead.  Consequently  1  part  of  this  salt 
requires  22816  parts  of  pure  water  of  11'  for  solution. 

The  solution,  mixed  with  sulphuretted  hydrogen,  exhibited  a  distinct  brown 
color  when  viewed  from  the  top  of  the  cylinder,  but  this  color  appeared  veiy 
slight  upon  looking  through  the  cylinder  laterally. 

50.  Solubility  op  Sulphate  op  Lead  in  Water  containing  Sulphubic 
Acid  (to  §  83,  d). 

A  highly  dilute  solution  of  acetate  of  lead  was  mixed  with  an  excess  of  dilute 
pure  sulphuric  acid ;  the  mixture  was  very  gently  heated,  and  the  precipitate 
allowed  several  days  to  subside.  80  31  grm  of  the  filtrate  left  0O022  grm. 
sulphate  of  lead.  One  part  of  thio  salt  dissolves  therefore  in  36504  parts  of  water 
containing  sulphuric  acid.  The  solution,  mixed  with  sulphuretted  hydrc^en, 
appeared  colorless  to  the  eye  looking  through  the  cylinder  laterally,  and  very 
little  darker  when  viewed  from  the  top  of  the  cylinder. 

51.  Solubility  op  Sulphate  of  Lead  in  Water  containing  Ammoniacal 
Salts  and  free  Sulphuric  Acid  (to  §  83,  d). 

A  highly  dilute  solution  of  acetate  of  lead  was  mixed  with  a  tolerably  large 
amount  of  nitrate  of  ammonia,  and  sulphuric  acid  in  excess  added.  After  sev- 
eral days'  standing,  the  mixture  was  filtered.  The  filtrate  was  nearly  indifferent 
to  sulphuretted  hydrogen  water  ;  viewed  from  the  top  of  the  cylinder,  it  looked 
hardly  perceptibly  darker  than  pure  water. 

52.  Deportment  of  Sulphate  of  Lead  upon  Ignition  (to  §  83,  d). 

Speaking  of  the  determination  of  the  atomic  weij^ht  of  sulphur,  Ekdmann  and 
Makc'IIand*  state  that  sulphate  of  lead  loses  some  sulphuric  acid  upon  ignition. 
In  order  to  inform  mvself  of  the  ext<ent  of  this  loss,  and  to  ascertain  how  far  it 
mitrht  impair  the  accnra<^y  of  the  method  of  detennLjiing  lead  as  a  sulphate,  I 
lieate<l  2  2151  grm.  of  absolutely  pure  PbO,  S  O^  to  the  most  intense  rednef^s, 
over  a  spirit-lamp  with  double  draught.  I  could  not  perceive  the  slightest  de- 
crease of  weight;  at  all  events,  the  loss  did  not  amount  to  0  0001  grm. 

53.  Deportment  of  Sulphide  of  Lead  on  Drying  -\t  100'  (to  §83,  e). 

Sul])hide  of  lead  was  precipitated  from  a  solution  ©f  pure  acetate  of  lead  with 
suli)hurettcd  hydro<,^en,  and  when  dry,  kept  for  a  considerable  time  at  100^  and 
weif,^hed  occjisioually.  The  following  numbers  represent  the  results  of  the  sev- 
eral weighings :  — 

I.  0  8154.         II.  0-81G4.         III.  0-8313.         IV.  0-8460.        V.  0864. 

54.  Deportment  of  Metallic  Mercury  at  the  Common  Temperature 
AND  upon  Ebullition  wrm  Water  (to  i^  84,  a). 

To  ascertain  in  what  manner  loss  of  metallic  mercury  occurs  upon  drying,  and 
likewise  upon  boilinj^  with  water,  and  to  determine  which  is  the  best  method  of 
drying,  1  made  the  following-  experiments:  — 

r   treated  (i  4418  grm.  of  perfectly  pure  mercurj'  in  a  watch-glass,  with  dis 
tilliMl  water.  remove<l  the  water  again  as  far  as  practicable  (by  decantation  and  fin 
ally  by  means  of  blotting-paper),  and  weijjfhed.     I  now  had  6*4412  grm.   After  sev- 
eral hours'  exposure  to  the  air,  the  mercury  was  reduced  to  6  "4411.     I  placed  these 
6 -Ml  1  giiu.  unthn-  a  boll-jar  over  sulphuric  acid,  the  temperature  being  about  17'. 
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After  the  lapse  of  34  honn  the  weight  had  not  altered  in  the  least  I  introduced 
the  6*4411  grm.  mercury  into  a  flask,  treated  it  with  a  copious  quancitj  of  dis- 
tilled water,  and  boiled  for  15  minutes  violently.  I  then  placed  the  mercuiy 
again  upon  the  watch-glass,  dried  it  most  carefully  with  blotting-paper,  and 
weighed.  The  weight  was  now  6*4402  grm..  Finding  that  a  trace  of  mercuiy 
had  adhered  to  the  paper,  I  repeated  the  same  experiment  with  the  6  4402  grm. 
After  15  minutes^  boiling  with  water,  the  mercury  had  again  lost  0 '0004  grm. 
The  remaining  6  '4398  grm.  were  exposed  to  the  air  for  6  days  (in  summer,  during 
▼eiy  hot  weatiier),  after  which  they  were  found  to  have  lost  only  0  0005  grm. 

55.  Deportment  op  Sulphidb  op  Mercury  with  Solution  op  Potassa, 
Sulphide  op  Ammonium,  etc.  (to  §  84,  o). 

a.  If  recently  precipitated  pure  sulphide  of  mercury  is  boiled  with  pure  solu- 
tion of  potassa,  not  a  trace  of  it  dissolves  in  that  fluid ;  hydrochloric  acid  pro- 
duces no  precipitate,  nor  even  the  least  coloration,  in  the  filtrate. 

b.  If  sulphide  of  mercury  is  boiled  with  solution  of  potassa,  with  addition  of 
some  sulphuretted  hydrogen  water,  sulphide  of  ammonium,  or  sulphur,  complete 
aolution  is  effected. 

e.  If  freshly  precipitated  sulphide  of  mercury  is  digested  in  the  cold  with 
yellowish  or  very  yellow  sulphide  of  ammonium,  slight,  but  distinctly  percepti* 
ble  traces  are  dissolved,  while  in  the  case  of  hot  digestion,  scarcely  any  traces 
of  mercury  can  be  detected  in  the  solution.  * 

d.  Thoroughly  washed  sulphide  of  mercury,  moistened  with  water,  suffers  no 
alteration  upon  exposure  to  the  air;  at  least,  the  fluid  which  I  obtained  by 
washing  sulphide  of  mercury  which  had  been  thus  exposed  for  24  hours,  did  not 
manifest  acid  reaction,  nor  did  it  contain  mercury  or  sulphuric  acid. 

56.  Deportment  op  Oxide  op  Copper  upon  Ignition  (to  §  85,  b\ 

Pure  oxide  of  copper  (prepared  from  nitrate  of  copper)  was  ignited  in  a  plat- 
inum crucible,  then  cooled  under  a  bell-jar  over  sulphuric  acid,  and  finally 
weighed.  The  weight  was  3 '542  grm..  The  oxide  was  then  most  intensely 
ignited  for  5  minutes,  over  a  Berzelius^  lamp,  and  weighed  as  before,  when  the 
weight  was  found  unaltered ;  the  oxide  was  then  once  more  ignited  for  5  minutes, 
but  with  the  same  result. 

57.  Deportment  op  Oxide  op  Copper  in  the  air  (to  §  85,  b). 

A  platinum  crucible  containing  4*3921  grm..  of  gently  ignited  oxide  of  copper 
(prepared  from  the  uitrate)  stood  for  10  minutes,  covered  with  the  lid,  in  a  warm 
room  ( in  winter) ;  the  weight  of  the  oxide  of  copper  was  found  to  have  increased 
to  4*3939  grm. 

The  oxide  of  copper  was  then  intensely  ignited  over  a  spirit-lamp ;  after  10 
minutes^  standing  in  the  covered  crucible,  the  weight  had  not  perceptibly  in- 
creased ;  after  24  hours  it  had  increased  by  0'0036  grm. 

58.  Deportment  op  Sulphide  op  Bismuth  upon  drying  at  100"  (to 
8  86,  e). 

0*4558  grm.  of  sulphide  of  bismuth  prepared  in  the  wet  way  were  placed  in 
the  desiccator  on  a  watch  glass  and  allowed  to  stand  at  the  common  tempera- 
ture. After  3  hours  the  weight  was  0*4270,  after  6  hours  0*4258,  after  2  days 
the  same. 

0*3002  grm.  of  the  sulphide  of  bismuth  so  dried  was  put  into  a  water-bath,  in 
15  minutes  it  weighed  0  3596,  half  an  hour  afterwards  0'3.'399,  in  half  an  hour 
more  0*3603,  in  two  hours  0*3626.  In  a  second  experiment  the  drying  was  kept 
np  for  4  days,  and  a  continual  increase  of  weight  was  observed. 

0*5081  grm.  of  sulphide  of  bismuth  dried  in  the  desiccator  was  heated  in  a 
boat  in  a  stream  of  carbonic  acid.  After  gentle  ignition  the  weight  was  0*5002, 
after  repeatc»d  heating  0  4992.  The  sulphide  of  bismuth  was  visibly  volatilizea 
on  ignition  in  the  current  of  carbonic  acid. 

^  Comp.  my  erperimenta  in  the  Zoitschrift  f.  AiiaL  Chem.  8, 140. 
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59.  Depohtment  of  Sulphide  op  Cadmium  witu  ^mmokia,  etc.  (to 

§  87,  c). 

Recently  precipitated  pure  snlphide  of  oadmiom  was  diifosed  through  water. 
and  the  following  experiments  wei:e  made  with  the  mixture. 

a.  A  portion  was  digested  cold  with  ammonia  in  excess,  and  filtered.  The  fil- 
trate remained  perfectly  clear  upon  addition  of  hydrochloric  acid. 

b  Another  portion  was  digested  hot  with  excess  of  ammonia,  and  filtered. 
This  filtrate  likewise  remained  perfectly  clear  upon  addition  of  hydrochlorio 
acid. 

c.  Another  portion  was  digested  for  some  time  with  solution  of  cyanide  of  po- 
tassium, and  filtered.  This  filtrate  also  remained  perfectly  clear  upon  addition 
of  hydrochloric  acid. 

d.  Another  portion  was  digested  with  hydrosulphate  of  sulphide  of  ammonium, 
and  filtered.  The  turbidity  which  hydrochloric  add  imparted  to  this  filtrate  was 
pure  white. 

(A  remark  made  by  Wackenroder,  in  Buchner'b  Bepertor.  d.  Phann., 
xlyi.  220,  induced  me  to  make  these  experiments.) 

CO.  Deportment  op  Precipitated  Tersulfhidb  of  Antimont  ow  dby- 

:»G  (to  §  00,  a). 

0*2899  grm.  of  pure  precipitated  tersulphide  of  antimony  dried  in  the  desicca- 
bor  lost,  when  dried  at  100',  00007. 

0  4457  grm.  of  the  substance  dried  at  100"*  lost,  when  heated  to  blackening  in 
a  stream  of  carbonic  acid,  O'OOIl  water. 

0  1982  grm.  of  the  substance  dried  at  100"  gare  up  0*0012,  when  heated  to 
blackening  in  a  stream  of  carbonic  acid,  and  after  stronger  heating,  during  which 
fumes  of  sulphide  of  antimony  began  to  escape,  the  total  loss  amounted  to 
0  0022  grm. 

0  1070  grm.  of  the  substance  dried  at  100°  lost  0*0005  grm.  on  being  heated  to 
blackening  in  a  stream  of  carbonic  acid. 

61.  Amount  op  Water  in  Hydrated  Silicic  Acid  (to  §  98,  9). 

{ErperimenU  made  by  my  assistant,,  Mr,  Lippert.) 

A  dilute  solution  of  soluble  glass  was  slowly  dropped  into  hydrochloric  acid, 
as  lonj:^  as  the  precipitate  continued  to  dissolve  rapidly,  then  the  clear  fluid  was 
heated  in  the  water-bath,  till  it  set  to  a  transparent  jelly.  This  jelly  was  dried 
as  far  as  possible  with  blotting  paper,  diffused  in  water,  and  washed  by  decanta- 
tiou  till  the  fluid  altogether  ceased  to  give  the  chlorine  reaction.  It  was  then 
trans fcnecl  to  a  filter,  and  the  latt^^r  spread  on  blotting  paper  and  exposed  till  a 
crumbly  mass  was  left  from  the  spontaneous  evaporation  of  water.  One  half 
(I. )  was  dried  for  8  weeks  in  the  desiccator  over  sulphuric  acid,  with  occasional 
trituration,  the  other  half  (II.)  was  dried  under  similar  circumstances,  but  in  a 
vacinun.  Both  were  transferred  to  closed  tubes  and  these  were  kept  in  the  de- 
sic'-ator. 

The  weighing  of  the  substance  dried  at  100^  was  effected  between  watch 
glasses.  For  the  purpose  of  igniting  the  residue,  it  was  allowed  to  satiate  itself 
with  aqueous  vapor  by  exi)osurc  to  the  air,  otherwise  a  considerable  quantity  of 
the  substance  would  have  been  lost,  then  water  was  dropped  upon  it  in  the  watch 
glass,  then  it  was  rinsed  into  a  platinum  crucible,  dried  in  a  water-bath,  and 
ignited,  at  first  cautiously,  towards  the  end,  intensely. 

The  substance  I.  contained  Expt.  1.       Expt.  8. 

Water,  escaping  at  or  below  100** 4  '1 9  )    q  ^q 

"         abovelOO^ 476  ] 

SiHcicacid 91*05        90*72 


10000      10000 

Consequently  the  hydrate  dried  at  100'  consists  of  4*97  water  and  95  03  silicic 
acid.  In  the  substance  dried  in  the  desiccator  the  oxygen  of  the  total  water  : 
the  oxy£fen  of  the  silicic  acid,  according  to  the  first  experiment :  :  1  :  6*1,  ac- 
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flording  to  the  second  experiment  :  :  1  :  5  86.     And  in  the  substance  dried  al 
too'*  the  oxygen  of  the  water  :  the  oxygen  of  the  silicic  acid  :  :  1  :  1 1  '5. 


The  snbstance  11.  contained  Expt.  l.  Expt.  2.       Expt.  8. 

Water,  escaping  at  or  below  100" 4  75           4  71 

above  100» 526           6-21 

Silicicacid 89  99  90  08          9005 


t 


9^5 


100  00       100  00         100  00 

Gonseqnently  the  hydrate  dried  at  100'  consists  on  the  average  of  5  "49  water 
and  94*51  silicic  acid.  In  the  substance  dried  in  a  vacuum  over  sulphuric  acid 
the  oxygen  of  the  total  water  :  the  oxygen  of  the  silicic  acid— on  an  aver« 
age  :  :  1  :  5  41.  And  in  the  substance  dried  at  100 "*  the  oxygen  of  the  water: 
the  oxygen  of  the  silicic  acid  :  :  1  :  10*43. 

62.    DETERMmATION  OF  BaRYTA  BY  PRECXPITATION  WITH  CARBONATE  OF 

Ammonia  (to  §  101,  2,  a). 

0*7553  grm.  pure  ignited  chloride  of  barium  precipitated  after  §  101,  2,  a,  gave 
0-7142  Ba  O,  C  O,,  which  corresponds  to  0*554719  Ba  O  =  73  44  per  cent.  (100 
parts  of  Ba  CI  ought  to  have  given  73*59  parts).  The  result  accordingly  was 
99-79  instead  of  100. 

63.  Determination  op  Baryta  in  Organic  Salts  (to  §  101,  2,  5). 

0*680  grm.  racemate  of  baryta  (2  BaO,  ChH»  Oio+5  aq.)  treated  according  to. 
§  101,  2,  b,  gave  0  408  carbonate  of  baryta  =  0*3169  Ba  O  =  46*20  per  cent,  (cal- 
culated 46*38  per  cent.) ;  i.e.,  99*61  instead  of  100. 

64.  Determination  op  Strontia  as  Sulphate  op  Strontia  (to  §  102, 
1,  a). 

a  An  aqueous  solution  of  1  *2398  grm,  Sr  Cl  was  precipitated  with  sulphuric 
acid  in  excess,  and  the  precipitated  sulphate  of  strontia  washed  with  water.  It 
weighed  1  '4113,  which  corresponds  to  0  795408  Sr  O  =  64*15  per  cent,  (calculated 
65-38  per  cent.) ;  i.e.,  98  12  instead  of  100. 

b.  1*1510  grm.  Sr  O,  C  Oa  was  dissolved  in  excess  of  hydrochloric  acid,  the 
solution  diluted,  and  then  precipitated  with  sulphuric  acid  ;  the  precipitated  Sr 
O,  S  Oa  was  washed  with  water ;  it  weighed  1*4024  =  0-79039  Sr  0  =  6868  per 
cent  (calculated  7007  per  cent.) ;  i.e.,  98  02  instead  of  100. 

65.    DETER.\iINATION  OP  StRONTIA    AS    SULPHATE,   WITH    CORRECTION   (tO 

§  102,  1,  a). 

The  ^fUtrftte  obtained  in  No.  64,  ft,  weighed  190*84  grm.  According  to  experi- 
ment No.  22,  1 18f52  parts  of  water  containing  sulphuric  acid  dissolve  1  part  of 
sulphite  of  strontia;  therefore,  190-84  grm.  dissolve  00161.  The  toashingB 
wei^rhcil  63  61  grm.  According  to  experiment  No.  21,  6895  parts  of  water, 
dissolve  I  part  of  Sr  O.  S  O:. ;  therefore,  63-61  grm.  dissolve  0  0092  grm. 

Adding  0  0 161  and  0  0092  to  the  1*4024  actually  obtained,  we  find  the  total 
amount  -  1  *4*J77  grm.,  which  corresponds  to  0*80465  Sr  O  =  69*91  per  cent,  in  Sr 
O,  C  O   (calculated  70*07  per  cent.) ;  i.e.,  99*77  instead  of  100. 

66.  Determinatfon  op  Strontia  as  Carbonate  op  Strontia  (to  §  102,  2). 

1*3104  grm.  chloride  of  strontium,  precipitated  according  to  §  102,  2,  gave 
1  •2::0t  Sr  O,  C  O  ,  containing  0*8551831  Sr  0=65*26  per  cent,  (calculated  65  38) ; 
iL«.,  99-82  instead  of  100. 

In  the  pour  pollowino  experiments,  and  also  in  No.  72,  pure  air- 
dried  carbonate  of  lime  was  used,  in  a  portion  of  which  the  amount  of  anhydrous 
carbonat-e  had  been  determined  by  very  cautious  heating.  0*7647  grm.  left 
0*7581  grm.,  which  weight  remained  unaltered  upon  further  (extremely  gentle) 
ignition;  Vie  air-dried  carb&naU  contained  aeeordinqly  56*516  'per  cent,  oyiime. 
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67.     DETERMmATIOK  OF  LiME  AS  SULPHATE  OF  LiME  BY  PRECfPITATKB 

(tog  103,1,  a). 

1  '186  grm.  of  **  the  air-dried  carbonate  of  lime  "  was  dissolyed  in  hjdrochlorio 
acid,  and  the  solution  precipitated  with  Bulphuric  acid  and  alcohol,  after  §  103, 
1,  a.  Obtained  1*5949  grm.  Ca  O,  S  O,,  containing  0*65698  Ca  O,  ».«.,  55*31  per 
cent,  (calculated  55*51),  which  gives  99*64  instead  of  100. 

68.  Determiw ATioif  OF  Ca  O  as  Ca  O,  C  Oa,  by  Precipitatiok  with 
Carbonate  of  Ammonia  and  washing  with  Pure  Water  (to  §  108,  2,  a), 

A  hydrochloric  acid  solution  of  1  '1437  grm.  of  **  the  air-dried  carbonate  of 
lime  *'  gave  upon  precipitation  as  directed,  1  *1343  grm.  anhydrous  carbonate  of 
lime,  corresponding  to  0'629C08  Ca  O  =  65*05  percent,  (calculated 55*51  per  cent.) 
which  gives  99  17  instead  of  100. 

69.  Determination  of  Ca  O  as  Ca  O,  C  Oj,  by  Precipitatioh  with 
Oxalate  of  Ammonia  from  Alkaline  Solution  (to  §  108,  2,  6,  a). 

1*1734  grm.  of  **the  air-dried  carbonate  of  lime**  dissolved  in  hydrochlorio 
acid,  and  treated  as  directed  §  103,  2,  b,  a,  gave  1  '1632  grm.  Ca  O,  C  Os  (reaction 
not  alkaline),  containing  0*651392  of  Ca  O  =  55*518  per  cent,  (calculated  55 '516 
per  cent.),  which  gives  99*99  instead  of  100. 

70.  Determination  of  Lime  as  Oxalate  (to  §  103,  2,  6,  o). 

0*857  grm.  of  *^  the  air-dried  carbonate  of  lime  ^  were  dissolved  in  hydrochlorio 
acid:  the  solution  was  precipitated  with  oxalate  of  ammonia  and  ammonia,  the 
precipitate  washed,  and  then  dried  at  100%  until  the  weight  remained  constant. 

The  precipitate  (2  Ca  O,  O  +  2  aq.)  weighed  12461  grm.,  containing  0 '477879 
Ca  O  =  55*76  per  cent,  (calculated  55*516  per  cent.),  whidi  gives  100*45  instead 
of  100. 

71.  YOLTJMBTRIC  DETERBONATION  OF  LlKE  PRECIPITATED  AS  OXALATE  (tO 

g  103,  2,  ft,  «). 

Six  portions,  of  10  c.  c.  each,  were  taken  of  a  solution  of  pure  chloride  of  cal- 
cium ;  in  2  portions  the  lime  was  determined  in  the  gravimetric  way  (by  pre 
cipitation  with  oxalate  of  ammonia,  and  weighing  as  Ca  O,  C  Oa) ;  in  two  by  tht 
alkalimetric  method  (p.  171,  ^0,  and  in  two  by  precipitation  with  oxalate  of  am 
monia,  and  estimation  of  the  oxalic  acid  in  the  precipitate  by  solution  of  per 
manganate  of  potassa.     The  following  were  the  results  obtained:  — 

a.  In  the  gravimetric  b.  By  the  alkalimetric  c.  By  solution  of  per- 

way.  method.  manganate  of  potassa 

0*5017  Ca  O,  C  0,  OoGU  0-5G13 

0-5620        **  0*5020  0*5020 

72.  Determination  op  Ca  O  as  Ca  O,  C  Oa  by  Precipitation  as  2  Ca  O,  6 

FROM  Acid  Solution  (to  §  103,  2,  b,  H). 

08i57  grm.  of  *'  the  air-dried  carbonate  of  lime  "  dissolved  in  hydrochloric  acid 
and  precipitated  from  this  solution  according  to  the  directions  of  §  103,  2,  J,  $^ 
gave  0  '8470  carbonate  of  lime  (which  did  not  manifest  alkaline  reaction,  and  tht 
weight  of  which  did  nol^  vary  in  the  least  upon  evaporation  with  carbonate  of 
ammonia),  containing  0 '474050  Ca  O  =  55 '39  per  cent,  (calculated  55 '51),  which 
gives  99 '78  in.«»tead  of  100. 

73.  Determination  of  Magnesia  as  2  Mg  O,  P  Oi  (to  §  104,  2). 

a.  A  solution  of  1  '0587  grm.  pure  anhydrous  sulphate  of  magnesia  in  water. 
precipitated  according  to  §  104,  2,  gave  0*9834  pyrophosphate  of  magnesia,  con- 
taining 0  35438  magnesia  =  33 "476  per  cent,  (calculated  33 '33  per  cent.),  whick 
gives  100-43  instead  of  100. 

b.  0*9672  Mg  O,  S  O,  gave  0  8974  2  Mg  O,  P  Oj  =  33*43  per  cent,  of  Mg  O  (oal- 
culated  3^33),  which  gives  100 '30  instead  of  100. 
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a 

74.  Prkcipitation  of  Acetate  op  Zinc  by  Sulphtjretted  Htdrooeh 
(to  §  108,  *). 

a.  A  solution  of  pure  acetate  of  zinc  was  treated  with  the  gas  in  excess,  al- 
lowed to  stand  at  rest  for  some  time,  and  then  filtered.  The  filtrate  was  mixed 
with  ammonia ;  it  remained  perfectly  clear  at  first,  and  even  after  long  standing 
a  few  hardly  visible  flakes  only  had  separated. 

b.  A  solution  of  acetate  of  zinc  to  which  a  tolerably  large  amount  of  acetio 
acid  had  been  added  previously  to  the  precipitation  with  sulphuretted  hydrogen, 
■faowed  exactly  the  same  deportment. 

75.  Determination  of  Iron  as  Sulphide  (to  §  113,  2). 

10  a  c.  of  a  pure  solution  of  sesquichloride  of  iron  was  precipitated  with  am- 
monia; obtamed  01453  Fe,  Oa  =010171  Fe. 

10  c.  c.  was  precipitated  with  ammonia  and  sulphide  of  ammonium,  and  tn^ited 
after  §  113,  2,  obtained  01596  Fe  S=010157  Fe. 

10  c.  c.  again  yielded  01605  Fe  8=0.1021  Fe. 

76.  Determination  of  Lead  as  Ciiromate  (to  §  116,  4). 

1'0083  grm.  pure  nitrate  of  lead  were  treated  according  to  §  116,  4.  The  pre- 
cipitate was  collected  on  a  weighed  filter,  and  dried  at  100%  obtained  0*9871 
grm.  =0-67833  Pb  O.     This  gives  07  3  p^r  cent.     Calculation  67*4. 

0*9814  nitrate  of  lead  again  yielded  0*9625  chromate=67'4  per  cent. 

77.  Determination  of  Mercury  in  the  Metallic  State,  in  the  Wet 
Way,  by  Means  of  Protochloride  of  Tin  (to  §  118,  1,  b). 

2*01  grm.  chloride  of  mercury  gave  1*465  grm.  metallic  mercury =72 '88  per 
oert.  (calculated  73*83  per  cent.),  which  gives  98*71  instead  of  100  (Schaffner). 
The  loss  is  not  inherent  in  the  method,  i.  e. ,  it  does  not  arise  from  mercuiy 
evaporating  during  the  ebullition  and  desiccation  (Expt.  No.  54) ;  but  its  origin 
lies  in  the  fact  that  one  usually  does  not  allow  sufficient  time  for  the  mercuiy  to 
settle  quite  completely,  and  in  general  is  not  careful  enough  in  decanting,  and 
drying  with  paper,  &c, 

78.  Determination  of  Copper  by  Precipitation  wrrn  Zinc  in  a  Plat- 
inum Dish  (to  §  119,  2). 

80*882  g^rm.  pure  sulphate  of  copper  were  dissolved  in  water  to  250  a  c. ;  10 
a  a  of  the  solution  contained  acconlingly  0*31387  grm.  metallic  copper. 

a.  10  a  a  precipitated  with  zinc  in  a  platinum  dish,  gave  0'3140=1(X)*06  per 
oentb 

6.  In  a  second  experiment  10  o.  a  gave  0*3138  =  100  per  cent. 

79.  Behavior  of  Copper  Precipitated  by  Zinc  on  Ignition  in  Hydros 
OEN  (to  p.  229,  foot-note). 

A  dilute  solution  of  sulphate  of  copper  was  acidified  with  hydrochloric  acid 
and  precipitated  with  zinc  in  a  platinum  crucible,  the  precipitate  was  washed 
with  water,  then  with  alcohol,  and  dried  at  100  \  0*7961  grm.  of  this  was  ig- 
nited for  ^  of  an  hour  in  a  stream  of  hydrogen.     It  then  weighed  0*7952  grm. 

80.  Determination  of  Copper  as  Subsulphocyanide  (to  §  119,  3,  b), 

0*5965  gnxL  of  pure  sulphate  of  copper  was  dissolved  in  a  little  water,  and, 
after  addition  of  an  excess  of  sulphurous  acid,  precipitated  with  sulphocyanide 
of  potassium.  The  well- washed  precipitate,  dried  at  lOO*",  weighed  0*2893,  cor- 
responding to  0*1892  Cu  0 =31  '72  per  cent.  As  sulphate  of  copper  contains  31  '83 
per  cent.,  this  gives  99*66  instead  of  100. 

81.  Determination  of  Copper  by  De  Haen^s  Method  (to  g  119,  4,  a). 

Four  10  o.  c.*s  of  a  solution  of  sulphate  of  copper,  .each  10  a  a  containing 
0*0254  grm.  Cu,  were  severally  mixed  with  iodide  of  potassium,  then  with  50  c.  a 
of  a  solution  of  sulphurous  acid  (50  c.  c.  corresponding  to  12*94  c.  o.  iodine  solu- 
tion). After  addition  of  starch  paste,  iodine  solution  was  added  until  the  fluid 
appeared  blue.  * 
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This  required,— 

In  a,  4*09 
h,  3-95 

c,  4  06 

d,  8-95 

As  100  a  o.  of  iodine  solution  contained  0*58043  grm.  iodine,  this  gi' 

For  a,  0  0256  Cu  instead  of  0  0254 
"    h,  00200  "  " 

**    c,  0  0257  "  '* 

**    d,  00200  **  " 

Another  experiment,  made  with  100  c.  c.  of  the  same  solution  of  sulphate  of 
copper,  gave  0  2600  instead  of  0  "254  of  copper.  Nitrate  of  ammonia  having  been 
added  to  10  a  c.  of  the  solution  of  sulphate  of  copper,  then  some  dilute  hydro- 
chloric acid,  3 '4  and  3  5  c.  c.  of  iodine  solution  were  required  instead  of  4  3.  c, — 
a  proof  that  considerably  more  iodine  had  separated  than  corresponded  to  the 
oxide  of  copper. 

82.  Action  op  Solution  op  Cyanide  op  Potassium  upon  Ammokiacai. 
BoLUTioN  op  Oxide  op  Copper  (to  §  119,  4,  h). 

a.  Three  10  o.  c^s  of  a  solution  of  sulphate  of  copper,  each  10  c.  c.  containing 
0*1  grm.  sulphate  of  copper,  were  mixed  with  increasing  quantities  of  a  solution 
of  ammonia,  and  a  sufficient  amount  of  water  to  equalize  the  degree  of  concen- 
tration in  the  three  portiona  Solution  of  cyanide  of  potassium  was  then  added, 
drop  by  drop,  until  the  blue  color  had  disappeared.  This  required  the  following 
quantities : — 

Solution  of  sulphate  Solution  of  Water  Solution  of  cyanide 

of  copper.  ammonia.  waiwr.  ^^  potaaaium. 

10  a  a  4  c.  c.  12  c.  a  67 

10  c.  a  8  c.  0.  8  c.  c.  6*85 

10  c.  c.  10  c.  a  0  c.  c.  7-1 

Neutral  salts  of  ammonia  also  exercise  some  influence,  as  the  following  ezpeii* 
ments  show,  which  were  made  the  next  day  with  the  same  solutions : — 

Sol.  CnO,  S  Oa.  Sol.  N  Hs.  Wftt<?r,  ic  Sol.  K  Cy. 

10  c,  c.  2  c.  c.  14  0.  c.  6-70 

10  c.  c.  2  c.  c.  14  c.  c.  sol.  NH4  01(1:  10)  7-40 

in  ^   «  o  ^   ^  (  10  c.  c.  water,  )  rr.rux 

10  CO.  6  CO.  ^   4c.  cSO.dU.  (l:5f  ^^ 

10c.  c.  See.  8c.c.NH.O,NO.(l:10))      ^.g^ 

/    o  c.  c.  water  J 

h.  Several  10  c.  c.'s  of  solution  of  sulphate  of  copper,  each  10  c.  c.  containing 
0  1  grm.  of  the  salt,  were  mixed  with  10  c.  c.'s  of  a  solution  of  sesquicarbonate 
of  ammonia  (1  :  10),  and  after  addition  of  water  or  of  solution  of  neutral  ammo- 
nia salts,  cyanide  of  potassium  solution  was  added  till  the  blue  color  had  vanished. 
Temp.  00°. 

a  a  Water,  &a  a  a  K  Cy. 

in        *  j  i.  16-4 

10.  water  jii.  10  6 

10.  NH,O,SO,(l:10)   j  4*  17^1 


c.  c.  CuO, 

SOt 

0. 

c. 

2  N  H«  0,  3  C0« 

10 

10 

10 

10 

10 

10 

10 

10 

10.  NH4O,NO5(l:10)  ]  j^;  i^.J 
10.  N  H4  01  (1 :  10)  |jV  J5^J 


The  addition  of  the  2  drops  of  ferrocyanide  of  potassium  does  not  much  assist 
one  in  hittiiig  the  end -reaction,  as  the  solution,  which  towards  the  end  is  colored 
red,  gradually  becomes  light  yellow  when  more  cyanide  is  added,  and  is  not  fully 
decolorized  tUl  a  further  addition  of  the  same  salt  has  been  made,  and  it  has  stood 
for  some  time. 

8:].  ri?KririTATTON  of  Nitkate  op  Bismuth  by  Oarbonate  op  Ammonia 
(to  §^  120,  1,  a). 
If  a  sclution  o"  nitrate  of  bi^-muth,  no  matter  whether  containing  much  or  little 
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free  nitric  acid,  is  mixed  with  water,  precipitated  with  carbonate  of  ammonia  and 
ammonia,  and  filtered  without  applying  heat,  the  filtrate  acquiren,  ui)on  addition 
of  sulphuretted  hydrogen  water,  a  blackish -brown  color.  But  if  the  mixture  be- 
fore filtering  is  heated  for  a  short  time  nearly  to  boiling,  sulphuretted  hydrogen 
fails  to  impart  this  color  to  the  filtrate,  or,  at  all  eveuts,  the  change  of  color  ii 
liardly  visible  to  the  eye  looking  through  the  full  test-tube  from  the  top. 

84.  Determination  op  Antimony  as  Sulphide  (to  §  125,  1). 

0%559  grm.  of  pure  air-dried  tartar  emetic,  treated  according  to  §  125,  1,  gave 
O'2902  grm.  tersiilphide  of  antimony  dried  at  100%=  "2492  grm.  or  44*58  per  cent, 
of  teroxide  of  antimony.  Heated  to  blackening  in  a  current  of  carbonic  acid,  the 
precipitate  lost  0  0079  grm.  (reckoned  from  a  part  to  the  whole),  leaving  accor- 
dingly 0*2823  grm.  of  anhydrous  tersulphide  of  antimony,  which  corresponds  to 
0*24245  grm.  or  43*37  per  cent,  of  teroxide  of  antimony.  As  the  tartar  emetio 
contains  43  "70  i)er  cent,  of  teroxide  of  antimony,  the  process  gives,  if  the  precip- 
itate is  dried  at  100%  102  01 ;  if  heated  to  blackening,  99*22  instead  of  100. 

89.  Determination  op  Phosphoric  Acid  as  Pyrophosphate  op  Mao- 
KBSIA  (to  §  134,  6,  «). 

1*9159  and  2*0860  grm.  pure  crystallized  phosphate  of  soda,  treated  as  directed 
§  134,  by  o,  gave  0*5941  and  0*6494  grm.  of  pyrophosphate  of  magnesia  respec- 
tively. These  give  19*83  and  19*91  per  cent,  of  phosphoric  acid  in  phosphate  of 
soda,  instead  of  19*83  per  cent. 

90.  Determination  op  Phosphoric  Acid  as  Phosphate  op  Sesquioxidb 
OF  Uranium  (to  §  134,  c). 

80  c.  c.  of  a  solution  of  pure  phosphate  of  soda,  treated  with  sulphate  of  mag- 
nesia, chloride  of  ammonium,  and  ammonia,  as  directed  §  134,  b,  a,  gave  0*3269 
grm.  of  pyrophosphate  of  magnesia.  10  c.  c.  contained  accordingly  0*06982  grm. 
of  phosphoric  acid. 

10  c.  c.  of  the  same  solution  were  then  precipitated  with  acetate  of  sesquioxide 
of  uranium  as  directed  §  134,  c.  The  ignited  precipitate  was  treated  with  a 
little  nitric  acid,  then  again  ignited  ;  after  cooling,  it  weighed  0*3478  grm.  cor- 
responding to  0*06954  grm.  of  phosphoric  acid. 

91.  Determination  op  Free  Sulphuretted  Hydrogen  by  Means  of 
Solution  op  Iodine  (to  §  148,  I. ,  a). 

The  experiments  were  made  to  settle  the  following  questions: — 

a.  Does  the  quantity  of  iodine  required  remain  the  same  for  solutions  of  bu1« 
phuretted  hydrogen  of  different  degrees  of  dilution  ? 

b.  Does  the  equation  HS-i-I=HI+S  really  represent  the  decomposition  which 
takes  place  ? 

The  sulphuretted  hydrogen  water  was  contained  in  a  flask  closed  by  a  doubly- 
perforated  cork ;  into  one  aperture  a  siphon  with  pinchcock  was  fitted,  to  draw 
off  the  fluid ;  into  the  other  aperture  a  short  open  tube,  which  did  not  dip  into 
the  fluid. 

Question  a. 

a.  About  30  c.  0.  of  iodine  solution  were  introduced  into  a  flask,  which 
was  then  tared  ;  sulphuretted  hydrogen  water  was  added  until  the  yellow  color 
had  just  disappeared.  The  fla^  was  then  closed,  weighed,  starch  paste  added, 
and  then  solution  of  iodine  until  the  fluid  appeared  blue. 

70*2  grm.  H  S  water  required  23*4  c.  o.  iodine  solution,  100  accordingly 
83-83  c.  a 

68*4  grm.  required  22*7  o.  c,  iodine  solution,  100  accordingly  33*20  c.  a 
fi.  Same  process ;  but  the  fluid  was  diluted  with  water  free  from  air. 

61*5  grm.  H  S  water  +  2(X)  grm.  water  required  20*7  o.  o.  iodine  solution, 
100  accordingly  33*65  c.  c. 

62*4  grm.  4-400  grm.  water  required  17*7  o.  o.  iodine  solution,  100  accord- 
ingly 83*77. 
The  iodine  solution  contained  0*00498  iodine  in  1  c.   c.     Considering  that 
addition  of  a  larger  volume  of  water  necessarily  involves  a  slight  increase  in  the 
quantity  of  iodine  solution,  these  results  may  be  considered  sufficiently  corre- 
sponding. 
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Qa68tioii  b, 

Aooofrding  to  a,  100  gmt  of  Che  H  S  water  ooiitainedO'08815  gnn.  H  S, 
ing  the  proportion  to  be  100 :  88-2. 

178*6  grm.  of  the  mme  water  were,  immediately  after  the  experimeota  in  «, 
drawn  off  into  a  hydroohlozio  acid  eolation  of  aisenioiiB  add ;  aftor  24  hoozB,  fba 
terrolphide  of  arsenic  add  was  filtered  off,  dried  at  100®,  aim  weighed.  O'OIMMI 
grm.  were  obtained,  whidi  oorresponds  to  0*08814  H  S,  or  a  peroentage  of 
0*02197. 

The  aeoond  qneetion  also  is  therefore  answered  in  the  affirmatiTe. 

92.  Solution  of  Ohlobidb  of  Hagnssium  dib80lysb  Qxalatb  of  £iiai 

(to  g  154,  6).  ^ 

If  some  diloride  of  oaldum  is  added  to  a  sdntion  of  chloride  of  magnestiun, 
then  a  little  oxalate  of  ammonia,  no  predpitate  is  f  onned  at  first ;  bat  apcm 
slightly  increasing  the  qaantity  of  oxalate  of  ammonia,  a  trifling  predpitale 
gradoally  separates  after  some  time. 

If  an  excess  of  oxalate  of  ammonia  is  added,  the  whde  of  the  lime  ia  t^irown 
down,  bat  the  predpitate  contains  also  oxalate  of  magnesia.  This  shows  that  te 
effect  the  separation  of  the  two  bases  by  oxalate  of  ammonia,  the  reagent  most 
be  added  in  excess ;  whilst,  on  the  other  hand,  in  the  presence  of  mach 
magneraa,  the  operator  must  expect  to  predpitate  some  of  the  magneaiai  as  tha 
following  experiments  (No.  98)  deazly  show. 

98.  Sbparation  of  Limb  fbom  Kaonbsia  (to  g  164,  6). 

The  flaids  employed  in  the  following  experiments  were,  a  aolatlon  of  ctlth 
ride  of  caldam,  10  a  a  of  which  oorresponded  to  0*5618  Oa  O,  0  Os ;  a  aohi- 
tion  of  chloride  of  magnednm,  containkig  0*250  Kg  O  in  10  a  o. :  a  aolatioii  of 
chloride  of  ammoninm  (1:8);  solution  of  ammonia,  oontaininff  lO  per  cent.  N 
Ha ;  solution  of  oxalate  of  ammonia  (1 :  24) ;  acetio  add,  oontauungdOpercent 

A,  H  O. 

The  predpitatioa  was  effected  at  the  oommon  tempeiratore  ;  the  ptedpitaite 
of  oxalate  of  lime  was  filtered  off  after  20  hoars. 

a.  Influence  of  the  degree  of  dilution.  * 

a.  10  c.  a  Mg  CI,  10  c.  c.  Ca  CI,  10  c,  c.  N  H4  01,  4  drops  N  H«0,  60  a  0. 

water,  20  c.  c.  2  N  H*  O,  O.     Eesult,  0*5705  Ca  O,  C  Oa. 
0.  Same  as  a,  with  150  c.  o.  water  instead  of  50  o.  c.     Besult,  0*5670  Oa 

O,  C  Oa. 

b.  Influence  of  excess  of  ammonia. 

Same  as  a,  ^  + 10  c.  c.  N  H.O.     Result,  0*5614  grm.  Oa  O,  0  O,. 
e.  Influence  of  excess  of  chloride  of  ammonium. 

Same  as  a,  /?-i-40  c.  c.  N  H4CI.    Result,  0  5652  grm. 

d.  Influence  of  excess  of  ammonia  and  chloride  of  ammonium. 

Same  as  a,  /?-f  80  c.  c  N  H4CI+IO  c.  c.  N  H4O.     Result,  0*5618  grm. 

e.  Influence  of  free  acetic  acid. 

Same  as  a,  /?,  only  with  6  drops  A,  instead  of  the  4  drops  N  H4O.     Result, 
0-5594  grm. 
/.  Influence  of  excess  ,of  oxalate  of  ammonia,  in  feebly  alkaline  solution. 

Same  as  a,  /?-l-20  c.  c.  2  N  H,  O,  O.    Result,  05644  grm.  Ca  O,  0  O,. 
g.  Influence  of  excess  of  oxalate  of  ammonia,  in  strongly  alkaline  solution 

Same  as  a,  /5,  +  10  c.  c.  NH,O+20  c.  a  2  N  H4O.  O.     Result,  0.5644 
A.  Influence  of  excess  of  oxalate  of  ammonia,  in  presence  of  much  N  H4OI  and 
NH,0. 

Same  as  a,  ^,  +10  N  H«  04-30  XH4OI+2O  2NH«0,0.     Result,  0*5709 
grm. 

f.  Influence  of  excess  of  oxalate  of  ammonia,  in  solution  slightly  addified 

with  A.  _  _ 

Same  as  a,  /i,-4  drops  N  H4O  +  6  drops  A4-20  c.  a  2  N  H4O,  O.    Result, 
0-5661  grm. 
Consequently,  when  a  notable  amount  of  magnesia  is  present  there  is  always  a 
chance  of  oxalate  of  magnesia,  or  oxalate  of  magnesia  and  ammonia  predpitating 
along  with  the  oxalate  of  lime. 


EXPERIMENTS.  601 

Another  series  of  experiments  in  which  a  solution  of  oxalate  of  magnesia  in 
hydrochloric  acid  was  mixed  with  ammonia  under  varying  circumstances,  proved 
also  that,  in  presence  of  a  notable  quantity  of  magnesia,  oxalate  of  magnesia,  or 
oxalate  of  magnesia  and  ammonia,  will  always  separate  aft«r  standing  for  some 
time,  no  matter  whether  in  a  cold  or  a  warm  place. 

In  a  third  series  of  experiments,  the  separation  was  effected  by  double  precip- 
itation, in  accordance  with  29-  The  same  solutions  were  employed  as  in  the 
first  series,  with  the  exception  of  the  chloride  of  magnesium,  for  which  a  solu- 
tion was  substituted  containing  0*2182  grm.  Mg  O,  in  10  c.  o 

10  c.  c.  CaCl  +  30  c.  c.  MgCl,-f20  c.  c.  NH^Cl, -J-300  c.  c.  water, +6  drops 
ammonia,  -i-  a  sufficient  excess  of  oxalate  of  ammonia.  Results,  in  two  experi- 
ments, 0*5621  and  0*5652,  mean  0*5636,  instead  of  0*5618  Ca  O,  CO, ;  also  0*6060 
and  0-6489  Mg  O,  mean  0*6574,  instead  of  0*6546. 

04.  Sefabation  of  Iodine  fbom  Chlokine  by  Pisani's  Method  (to  §  169, 
204). 

0*2338  grm.  iodide  of  potassium,  dissolved  in  water, +ic.  a  of  solution  of 
iodide  of  starch,  required  14  a  a  of  decinormal  silver  solution  =  0*2322  grm. 
iodide  of  potassium. 

0*3025  grm.  iodide  of  potassium,  mixed  with  about  double  the  quantity  of 
chloride  of  sodium,  required  18*2  c.  c.  silver  solution =0*3021  K  L 

0*2266  gna,  iodide  of  potassium,  mixed  with  about  100  times  as  much  chloride 
of  sodium,  required  13*7  a  c.  silver  solution  =  0*2272  K  L 

95.  Skparation  of  Iodine  fboh  Bromine,  by  Pisani^s  Method  (to  §  169, 
S09). 

0*3198  grm.  iodide  of  potassium,  mixed  with  double  the  quantity  of  bromide 
of  potassium,  required  19*2  o.  c.  of  decinormal  silver  solution  =  0*3187  K  L 

99.  Chlorimetrical  Experiments  (to  §  213). 

10  grm.  of  chloride  of  lime  were  rubbed  up  with  water  to  one  litre,  with  which 
the  following  experiments  were  made : — 

a.  By  Penot'8  method  (§  212);  obtained  23*6  and  23*5  per  cent. 

b.  By  means  of  iron  (§  213,  modification) ;  obtained  23*6  per  cent. 
e.  By  Bunsen's  method  (p.  508,  C) ;  results,  23*6—23*6  percent 

100.  Drying  of  Manganese  (to  §  214,  L) 

Four  small  pans,  containing  each  8  grm^  of  manganese  of  53  per  cent. ,  were 
first  heated  in  the  water-bath.  After  3  hours,  I.  had  lost  0*145 ;  after  6  hours, 
n.  0*15 ;  after  9  hours,  III.  015 ;  after  12  hours,  IV.  0 15.  grm.  L  and  H 
having  been  left  standing,  loosely  covered,  in  the  room  for  12  hours,  IL  was 
found  to  weigh  exactly  as  much  as  at  first ;  L  wanted  only  0*01  grm.  of  the  ori- 
ginal weight. 

The  four  pans  were  now  heated  for  two  hours  to  120"*.  After  cooling,  they 
were  found  to  have  lost  each  0*180  of  the  original  weight.  L  and  IL  having 
been  left  standizxg,  loosely  covered,  in  the  room  for  60  hours,  were  found  to  have 
again  acquired  their  original  weight  by  attracting  moisture.  IIL  and  IV.  were 
heated  for  2  hours  to  150.  The  loss  of  weight  in  both  cases  was  0*215  grm. 
Having  been  left  standing,  loosely  covered,  in  the  room  for  72  hours,  both  were 
found  to  weigh  0*05  less  than  at  first.  Assuming  the  hygroscopic  moisture  ex- 
pelled to  be  re-absorbed  by  standing  in  the  air,  this  shows  that  at  150"*  a  little 
chemically  combined  water  escapes  along  with  the  moisture,  and  accordingly 
that  the  temperature  must  not  exceed  120'. 

My  experiments  will  be  found  described  in  detail  in  Dinglsb*8  polyt.  Jonzn.| 
186,  f^7  et  seq. 
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TABLES  FOR  THE  CALCULATION  OF  ANALYSES. 


TABLE L 

EQUIVALENTS  OF 

TTTR 

BLEMBNTS  CON8IDEBEO  IK  THB  FBB8KMT  WOBX.* 

Alaminiain 

Al 

1375 

(Dumas) 

Antimony 

Sb 

122  00 

(Dumas) 

Arsenio 

As 

75-00 

(Pelouze,  Bebzeliub) 

Barium 

Ba 

68-50 

(DmiAs) 

Bismuth 

Bi 

208  OOf 

(Schneider) 

Boron 

B 

11  00 

(Berzelius) 

Bromine 

Br 

80  00 

(Marion  AC) 

Cadmium 

Cd 

56  00 

(C.  V.  Hauer) 

(Johnson  and  Allen,  Bunsen) 

Caesium 

Cs 

183  00 

Calcium 

Ca 

20  00 

(Dumas,  Erdmann  and  Marchand) 

Carbon 

C 

600 

(Dumas,  Erdmann  and  Marchand) 

Chlorine 

CI 

35-46 

(Marignac,  Stas) 

Chromium 

Cr 

20-24 

(Berlin,  P^ligot) 

Cobalt 

Co 

29  ^Ot 

(RoTHOPP,  Dumas) 

Copper 

Cu 

81-70 

(Erdmann  and  Marchand) 

Fluorine 

Fl 

19  00 

(LOUYET) 

Gold 

Au 

196  00 

(Comp.  Strecker,  loa  dt) 

Hydrogen 

H 

100 

(Dumas) 

Iodine 

I 

127  00 

(Marignac,  Dumas) 

Iron 

Fe 

28  00 

(Erdmann  and  Marchand) 

Lead 

Pb 

103-50 

(Berzelius,  Dumas) 

Lithium 

Li 

7  00 

(C.  DiEliL,  Troost) 

Magnesium 

Mg 

12-00 

(Marchand  and  S(;herrrr) 

Manganese 

Mn 

27-50 

(V.  Hauer,  Dumas) 

Mercury 

Hg 

100  00 

(Erdmann  and  Marchand) 

Molybdenum 

Mo 

46  001 
29-50T 

(Berlin) 

Nickel 

Ni 

(RoTHOFF,  Marignac,  Dumas) 

Nitrogen 

N 

1400 

(Marignac) 

Oxygen 

0 

8  00 

Palladium 

Pd 

63  00 

(Berzelius.  oomp.  Stbbojuui,  loadi.) 

Phosphorus 

P 

81  00 

(SCHRoTTER) 

Platinum 

Pt 

98-94 

(Andrews) 

Potassium 

K 

89-11 

(Marignac,  Stab) 

Rubidium 

Rb 

85-40 

(BUNREN,  PiCCARD) 

Selenium 

Se 

89 -S** 

(  (Berzelius,  Saco,  Erdmann,  and 
)       Marchand — ^mean) 

Silicon 

Si 

14-OOtt  (BUMAR) 

Silver 

Ag 

107-97 

(Marignac) 

Sodium 

Na 

23  00 

(Pelouze,  Stab) 

Strontium 

Sr 

43-75 

(Dumas) 

Sulphur 

S 

16  00 

(Erdmann  and  Mabchand) 

Thallium 

Tl 

203-OOtt  (Crookes) 

Tin 

Sn 

59-0011 

(Dumas) 

Titanium 

Ti 

25-00 

(Pierre) 

Uranium 

Ur 

69  ^©^^[(Ebelmen) 

Zinc 

Zn 

82-53 

(AxRL  Erdmann) 

*  It  hfM  been  necemary  to  alter  the  nnxnbers  in  some  cases  where  no  new  special  experiments  hnrv 
been  made.  This  aroso  trom  the  fact  that  the  nmnbera  in  qnestion  were  dednced  from  other  eriaira- 
•euts  which  have  since  been  corrected.  Those  who  are  curious  in  the  matter  of  equivalents  should  r^ 
fer  to  HnndwArterbuch  der  reinen  und  angewandten  Chemie,  9  Aufl.  Bd.  IL  463,  article  Atomge- 
wichte,  by  A.  Strecker.  With  respect  to  the  equivalents  that  have  recently  been  redetermined,  comp. 
Zdlaohrift  t  Anal.  Chem. 

t  Dumas  makes  210-00.  i  W.  J.  Russell  found  29-37.    ( Joum.  Chem.  Soc  (2X  L  SI.) 

J  Dumas  makes  it  48*00.  1  W.  J.  Rutwell  found  29-87  Ooc*  dt.). 

Dumas  found  89-75.  1 1  Silicic  Acid-Si  O  >.  tt  After  Lamy  204-00. 

II  After  Mnlder  58-Oa  51  Comp.  p.  141,  note  t. 
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OOKPOfmiQV  OF  THM  BASM  AXD  arfOMS  ACOML 


OBOUP  L 


m,  BAOML 


T^ilfMI^ 


8odA 


jitfii^ 


Oxide  of  Ammoninin 


Gboup  IL 


Baxyta 


Stxontla 


Lima 


Magii6ila 


Os  .     . 
O    .     . 

188*00 
8*00 

.    04« 
.      5117 

OkO     . 

141*00 

.  100-00 

Bb.    . 
0    .    . 

86-40 

•    01^ 
8«7 

BbO    , 

88*40 

•  100-00 

X    .    . 
0    .     . 

88*11 
8-00 

.    88-08 
.     10-88 

KO.    . 

4711 

.  100-00 

Ka.    . 
0    .     , 

88*00 
8*00 

.    7419 
*    96-81 

KaO    . 

81-00 

.  100-00 

0   .    . 

7-00 
8*00 

.    46-«7 
.    68-88 

LiO     . 

15-00 

.   100-00 

NH«    . 
0     .     . 

18-00 
8-00 

.     69-28 
.     80-77 

NH4O. 

26-00 

.  100-00 

Ba  .     . 
0    .     . 

68-50 
8-00 

.    89-54 
.     10-46 

BaO    . 

76-50 

.  100-00 

8r   .     . 
0     .     . 

48-75 
8-00 

.    84-54 
.     15-46 

8rO     . 

51-75 

.  lOODO 

Oa  .     . 
0     . 

80-00 
800 

.    71-48 
.    28-57 

OaO    . 

88-00 

.  10000 

0    . 

12^ 

8-00 

.     60-a) 
.    89-97 

UgO   . 


20-00 


.  100-00 
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Oroxtp  ni 


Al,  . 
O,  . 


A1,0,   . 


27-50 
24^ 


51-50 


58-40 
46-60 


.  100-00 


Sesqoiozide  of  Ghromiam 


Gr, 
O,  . 


Cr«0 


t  • 


52-48 
24-00 


76-48 


68-62 
81-88 


100-00 


Group  IV. 
Oxide  of  Zino 


Protoxide  of  Dianganese 


Beeqnioxide  of  Manganese 


PkDtoxide  of  Nickel 


Ftotoxide  of  Gobalt 


Beeqiiioxide  of  Gobalt 


Fkotoxide  of  Iron 


Seeqvloxide  of  Iron 


Zn  .     . 
0    .     , 

.     .    82-58    . 
800    . 

.  80-26 
.     19-74 

ZnO    . 

.    40-58    . 

.  100-00 

Mn 
0    .     , 

.     .    27-50    . 
.     .      8-00    . 

.  77-46 
.     22-54 

MnO  . 

,     .    8550    . 

.  100-00 

Mn,     , 
0,  .     . 

.     .    55-00    . 
.     .     24-00     . 

.  69-62 
.    80-88 

Mn,0,  . 

.     .    70-00    . 

.  100-00 

Ni  .     . 
0     . 

.     .    29-50     . 
.     .      800    . 

.  78-67 
.     21-88 

NiO     . 

.     .    87-50    . 

.  100-00 

Go  . 
0    . 

.    29-50    . 
SiJO    , 

.  78-67 
.    21-88 

GoO    . 

.     .     87-50     . 

.  10000 

Go, 
0,  . 

.     .    59-00    . 
.     .     24-00     . 

.  71-08 
.     28-92 

G03O, 

.     .     88-00    . 

.  100-00 

Fe.     , 
0    . 

.     .    28-00    . 
.     .      8-00    . 

.  77-78 
.     2222 

FeO 

.     .    36O0    . 

.  10000 

Fe,. 
0,  . 

.     .    56-00    . 
.     .    24-00    . 

.  70-00 
.    80-00 

Fe,0,  . 

.     .    80-00    . 

.  100-00 

Group  V. 
Oxide  of  SilTer 


Ag. 
O    . 


.  107-97 
8-00 


•     • 


•     • 


0310 
6-90 


Ago 


.  115-9; 


.  100-00 


nirinniummtnny 


W^tamJMttOanm 


Pb  .     . 
O     .     . 

.  1M.W    . 
.       800     . 

7-i; 

PbO     . 

.  111-50     . 

lOOflC 

?•.  : 

.  EOOOO     . 
.      800     . 

OB -IS 
8S5 

Hi,0  . 

.  808-00     . 

100 -DO 

S'.  : 

.  10000    . 
.       8-00     . 

92-39 
7-M 

HjO    . 

.  108-00     . 

100 -oo 

?■.  : 

.    9840    . 
.      B-00    . 

e8« 

U-flO 

Cu,0   . 

.    71*)    . 

loom 

On.     . 
0    .     . 

.    81-70     . 

.      8-00    . 

T9M 
2015 

CnO   . 

.    80-70    - 

lOO-OO 

Bi  .     . 
0,  .     . 

.  308-00     . 
.     SAHO     . 

80  06 

10 -W 

BiO,  . 

.  232-00    . 

100-00 

od.    . 

0    .     . 

.     56-00     . 
.      800     . 

87-50 
13  50 

CdO    . 

.    6400    . 

100-00 

Qboup  VL 
Teioziaa  of  Qold 


Binoxlde  of  Floitimiia 


Protoxide  ol  Tin 


Pt .  . 

0.  .     . 

.    98-94    . 

.  8608 
.     13-02 

PtO,  . 

.  114^4    . 

.  lOOWl 

Bb.     . 
0.  .     . 

.   122-00     . 
.    24-00    . 

.  83  50 
.     16-44 

SbO,  . 

.  146-00    . 

.  I00«) 

Sn.     . 
0    .     . 

.     G9-00     . 
.      8-00    . 

.  8S«0 
.     11*4 

Blnoxtde  of  TtB 


Aisenioos  add 


ATBenioaoid 


AsOs  . 

As  .     • 
0»  .     . 


75-00 
24-00 


99-00 

75-00 
40  00 


AsOt   .     .  115-00 


607 

75  •7e 

24-24 


.  100  00 

.     05-22 
.     84-78 


.  100-00 


b,  ACID& 


Ohromio  acid 


Snlphnric  acid 


Phosphoric  acid 


Borado  add 


Oxalic  add 


Carbonic  add 


8ilidc  add 


Nitric  add 


Chloric  add 


Cr  .     . 
0,  .     . 

.     .     2624    . 

.     2400     . 

.    52^ 

.     47-77 

CrO,    . 

.     .    60-24    . 

.  100-00 

S     . 
0,   . 

.    .   inoo   . 

.     .     2400     . 

.  40-00 
.     60.00 

so. 

.     .     4000     . 

.  10000 

p  .  . 

0.  . 

.     .     81O0     . 
.     .     4000     . 

.  48-66 
.    56  34 

PO. 

.     .     71-00     . 

.  100-00 

B    .     . 
0,  . 

.     .     1100     . 
.     .     2400     . 

.  81-43 
.     68-57 

BO,     . 

.     .     3500     . 

.  100-00 

O4  . 

0.  . 

.     .     2400     . 
.     .     48  00     . 

.  83-38 
.     66  67 

C4O. 

.     .     7200     . 

.  100-00 

c   . 

Oa  . 

.     .      GOO     . 
.     .     1000     . 

.  27-27 
.     7273 

CO,     , 

.     22-00     . 

• 

.  100-00 

Si   .     . 
0,  . 

.     .    14-00     . 
.     .     16-00     . 

.  46-67 
.    53-33 

8iO,    . 

.    8000     . 

.  100-00 

N   .     , 
0,  .     . 

.     .     14-00     . 
.     .    4000     . 

.  25-98 
.     74-07 

NO,    . 

.     54-00    . 

.  100-00 

CI  .     , 
0,  .     , 

.     .    40-00    . 

.  46-99 
.    53-01 

01  Oi 
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TIBLI  nL 
MDuonoB  Of  omFomnM  foitkd  to  o 


lU*  TMt  oontadu  mlr  mom  eC  Om  mon  fctquwiHy  oi 


,  -,  -...arfnf  Mn^ovadB; 

tta  Comoln  pcaoadad  I7  1  giva  kbaolntolr  aaoDrato  mkiHk  Tna  lUle  ma^ 
■Im  b*  axtsndAd  to  otber  fwinM«na»,  to  piowwllnf  woodlac  to  tt«  Inilmo 
HoMffTCniiiSllW. 

FOB  raOBOAinO  ASALTBOi 


lOMboBrteot  llmexO-44sOHboiiloadir 


OUcnlde  of  dlTeixO-24TM^OUadiiai 


Oxldaof  eoppKx0'798tt=3O<vp«xi 


I  Beaqvicvldeof  lMnxO'7=9Iroii. 

I  Sewinioxide  of  iron  xO '9=3  Protoxide  of  farah 


Oxide  of  leadxO-92B3=Z«aa. 

KAQREHtA. 
KASOAITEBB. 


PHOSPHORIC  Acm. 


POT  ABBA. 

Chloride  of  potasdnm  x  0-n3445=P( 
Sulphate  of  potasuxO*5406=Pota)na. 
PolMiio-bi^oride  of  pUtinun)  x  0'3Mi07 1 

PotMsio-biohloridB  of  platimim  f  =OhloriilB  of  potM^vm. 

8-27«  J 


TABU  ni.  G09 


Potaasio-biohloride  of  platinum  x  0'192T2^, 
Potaasio-biohloride  of  platinum  •"  =Poto«^ 


5188 


=■ 


80DA. 


Chloride  of  sodium  x  0'5802=Soda^ 
Sulphate  of  soda  x  0'4d658=Soda. 


BULFHXJBL 

Sulphate  of  bazjtax  0*18784= Sulphuc 

BULPHXTBIO  ACm 

Sulphate  of  baiyta  x  0-34335= Sulphuric  add. 


FOB  OBGANIO  ANALYSIS. 

CABBOK. 


Garbonio  add  x  0*2727 

or 
Carbonic  add 

^3^^666 
or 
Carbonic  add  x  3 

11 


=Carb<m. 


HTDBOGEV. 


Water  X  0*111111 

or 
Water 

9 


'=H7drogen. 


wrmoQVB, 

Ammonio-biohloride  of  platinum  x  0-00289=:KilarQgciL 
Platinum  x  0*1415 =Nitrogen. 

39 


•10 


TAJUM  lY. 


TABLB 

Showing  the  Amoant  of  the 
Number  of  the 


Alaminium. . 
(Ammoniam) 


Antimony. .. 


Axsenia. 


FomuL 


Harium. 


Bismath. . , 
Boron, . . , , 
Bromine.. . 
Cadmium.. 
Calcium. . . 


Carbon, 


» 

JStamiDA 

A1,0, 

Chloride  of  ammoniam 

NH.  CI 

Ammonio-bichloride  of  platinum 

N  H4  CI,  Pt  CU 

Ammonio-bichloride  of  platinom 

N  H4  CI,  Pt  Clj 

Teroxide  of  antimony 

SbO, 

Tersulphide  of  antimony 

SbS, 

Tersulphide  of  antimony 

SbS, 

Antimonious  acid 

SbO* 

Arsonious  acid 

AsO, 

Azsenicaoid 

As  Oft 

Arsenic  add 

As  Oft 

Tersulphide  of  arsenio 

AsS, 

Tersulphide  of  arsenio 

AsS, 

Arseniate  of  ammonia  and  magnesia 

2  Mg  O,  N  H.  O,  As  O5  -h  aq 

Arseniate  of  ammonia  and  magnesia 

2  MgO,  N  H,  O,  AsOft  -h  aq 

Baryta 

BaO 

Sulphate  of  baryta 

Ba  O,  S  O3 

Carbonate  of  baryta 

Ba  O,  C  O, 

Silico-fluoride  of  barium 

Ba  Fl,  Si  Fl, 

Teroxide  of  bismuth 

BiOa 

Boracic  acid 

BO3 

Bromide  of  silver 

AgBr 

Oxide  of  cadmium 

CdO 

Lime 

CaO 

Sulphate  of  lime 

Ca  O.  S  0, 

Carbonate  of  lime 

Ca  O,  C  Oa 

Carbonic  acid 

CO, 


Bought. 


Al, 

Ammonia 

NH, 

Oxide  of  ammonium 

NH4O 

AmmoniA 

NH, 
Antimony 

Sb 

Antimony 

Sb 

Teroxide  of  antimonj 

SbO, 

Teroxide  of  antimony 

SbO, 

Arsenio 

As 

Arsenio 

As 

Arseiuous  acid 

AsO, 

Arsenious  acid 

AsO, 

Arsenic  acid 

AsOi 

Arsenic  acid 

As  Oft 

Arsenious  acid 

AsOa 

Barium 

Ba 

Baryta 

Ba  O 

Barj'ta 

Ba  O 

Baryta 

Ba  O 

Bismuth 

Bi 

Boron 

B 

Bromine 

Br 
Cadmium 

Cd 

Calcium 

Ca 

Lime 

CaO 

Lime 

CaO 

Carbon 

C 


0-53398 

0-31804 

011644 

007G14 

0-83562 

0-71765 

0-85888 

0-94805 

0-76768 

0-65217 

0-86087 

0-80488 

0-93496 

0-60526 

0-52105 

0-89543 

0-656G5 

0-77665 

0-54839 

0-89655 

0  31429 

0*42560 

0-87500 

0-71429 

0-41176 

0-56000 

0  27273 
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TV. 

Constituent  songbt  for  eveiy 
Compound  found. 


9 

8 

1-60194 

4 

6 

• 

T 
8-73787 

8 

9 

106796 

213592 

2-66990 

8-20389 

4*27185 

4-80583 

0-63608 

0-95413 

1  -27217 

1-59021 

1-90825 

2-22629 

2*54433 

2-86237 

0-23288 

0-34932 

0-46576 

0-58220 

0-69864 

0-81508 

0-93152 

1-04796 

0*15228 

0*22842 

0-30456 

0-38070 

6-45684 

0-53299 

0-60913 

0-68527 

1  -67123 

2-50685 

3-34247 

4-17808 

5-01370 

5-84932 

6-68194 

7-52055 

1-43529 

215294 

2-87059 

3-58834 

4-30588 

5-02353 

5-74118 

6-45882 

1-71765 

2-57647 

3-43530 

4-29412 

5-15294 

6-01177 

6-87059 

7-72942 

1-89610 

2-84416 

3-79221 

4-74026 

5-68831 

6*63636 

7-58442 

8-53247 

1  -51516 

2-27274 

3-03032 

3-78790 

4-54548 

5*30306 

6-06064 

6-81822 

1-30435 

1-95652 

2-60870 

3-26087 

3-91304 

4*56522 

5-21739 

5-86957 

1-72174 

2-58261 

3-44348 

4-30435 

5-16521 

6*02608 

6-88695 

7-74782 

1-60975 

2-41463 

3-21951 

4-02439 

4-82927 

5*63415 

6-43902 

7-24390 

1-86992 

2-80488 

3-73984 

4-67480 

5-60975 

6*54471 

7-47967 

8-41463 

1-21053 

1-81579 

2-42105 

3  02631 

3-63158 

4*23684 

4-84210 

5  44737 

1-04210 

1  -56316 

2-08421 

2-60526 

3-12631 

3*64736 

416842 

4-68947 

1-79085 

2-68627 

3-58170 

4-47712 

5-37255 

6*26797 

7-16340 

8-05882 

1-31330 

1-96996 

2-62661 

3-28326 

3-93991 

4*59656 

5-25322 

5-90987 

1-55330 

2-32995 

3  10660 

3-88325 

4-65990 

5-43655 

6-21320 

6-98985 

1-09677 

1-64516 

2-19355 

2-74194 

8-29032 

3-83871 

4-38710 

4*93548 

1-79310 

2-68965 

3-58620 

4-48275 

5-37930 

6*27586 

7-17240 

8-06895 

0-62857 

0-94286 

1-25714 

1-57143 

1-88572 

2-20000 

2-51429 

2-82857 

0-85120 

1-27680 

1-70240 

.  2  12800 

2-55360 

2*97920 

3-40480 

3-83040 

1-75000 

2-62500 

3-50000 

4-37500 

5-25000 

6*12500 

7-00000 

7-87500 

142857 

2-14286 

2-85714 

3-57143 

4-28571 

5*00000 

5-71429 

6-42857 

0-82363 

123529 

1-64706 

2-05882 

2-47059 

2*88235 

8-29412 

370588 

1-12000 

1-68000 

2-24000 

2-80000 

3-36000 

8*92000 

4-48000 

5  04000 

0  54540 

0-81818 

109091 

1  -36364 

1-63636 

1-90909 

2-18181 

2-45455 

612 

TABLB  TT. 

TABLE  IV 

Etementik 

Foand. 

Bonglit* 

1 

Carbon. 

Carbonate  of  lime 

Carbonioaoid 

0-44000 

Ca  0,  C  0, 

CO, 

Chlorine..... 

Chloride  of  silyer 

Chlorine 

0  24724 

AgCl 

CI 

Chloride  of  silTer 

Hydrochlorio  acid 

0*25431 

AgCl 

HCl 

Chrominm... 

Sesquioxide  of  chroniium 

Chromium 

0-68619 

Cr,0, 

Cr, 

Sesquioxide  of  chromium 

Chromic  add 

1  -81381 

Cr,  0, 

2CrO, 

Chromate  of  lead 

Chromic  acid 

0  31062 

Pb  0,  Cr  0, 

CrO, 

Cobalt 

Cobalt 

Protoxide  of  cobalt 

1-27119 

Co 

CoO 

Sulphate  of  protoxide  of  cobalt 

Protoxide  of  cobalt 

0-48387 

Co  0,  S  0, 

CoO 

Sulphate  of  cobalt  +  sulphate  of 

Protoxide  of  cobalt 

018015 

potassa 

2CoO 

2(CoO,  803)  +  8(KO.SO,) 

Sulphate  of  cobalt  +  sulphate  of 

Cobalt 

014171 

potassa 

2Co 

2(CoO,  S0,)-+-3(K0,  SO,) 

Copper 

Oxide  of  copper 

Copper 

0-79849 

CuO 

Cu 

Subsulphide  of  copper 

Copper 

0-79849 

Cu,  S 

Cu, 

Fluorine..... 

Fluoride  of  calcium 

Fluorine 

0-48718 

CaFl 

Fl 

Fluoride  of  silicon 

Fluorine 

0-73077 

Si  FU 

FU 

Hydrogen. . . 

Water 

Hydrogen 

011111 

HO 

H 

Iodine 

Iodide  of  silver 

Iodine 

0-54049 

AffI 

I 

Protiodide  of  palladium 

Iodine 

0-70556 

Pdl 

I 

Iron 

Sesquioxide  of  iron 

Iron 

0-70000 

Fe,  0, 

FOa 

Sesquioxide  of  iron 

Protoxide  of  iron 

0-90000 

Fe,  O3 

2FeO 

Sulphide  of  iron 

Iron 

0-63036 

FeS 

Fe 

Lead 

Oxide  of  lead 

Lead 

0  92835 

PbO 

Pb 

Sulphate  of  lead 

Oxide  of  lead 

0-73597 

Pb  0,  S  O3 

PbO 

Sulphate  of  lead 

Lead 

0-68317 

Pb  0,  S  O3 

Pb 

Sulphide  of  lead 

Oxide  of  lead 

o^asos 

PbS 

PbO 

Lithium. .... 

Carbonate  of  lithia 

Lithia 

0-40541 

Li  0,  C  0, 

Li  0 

Sulphate  of  lithia 

Lithia 

0-27273 

Li  0,  S  0, 

LiO 

Basic  phosphai  e  of  lithia 

Lithia 

0  88793 

3  Li  0,  P  O5 

8  LiO 

TABLB  IT. 
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(eanUwued). 


9 

8 

4 

6 

• 

7 

8 

• 

0*88000 

1*82000 

1*76000 

2-20000 

2*64000 

3-06000 

8*52000 

3-96000 

0  49448 

0-74172 

0*98896 

>*23620 

1*48344 

1-73068 

1-97792 

2-22516 

0-50642 

0-76263 

1-01684 

1*27105 

1-52526 

1*77947 

2-03368 

2-28789 

1-37238 

2-05858 

2-74477 

3-43096 

4*11715 

4-80334 

5*48954 

6*17573 

2-62762 

3-94142 

5*25523 

6-56904 

7*88285 

9*19666 

10*51046 

11-82427 

0-62124 

0-93187 

1*24249 

1-55311 

1*86373 

2*17435 

2-48498 

2-79560 

2-54237 

3-81356 

6-08474 

6-35593 

7-62712 

8*89830 

10-16949 

11-44067 

1  0-96774 

1  -45161 

1-93548 

2-41935 

2-90323 

3*88710 

8-87097 

4-35484 

0-36029 

0-54044 

072058 

0-90073 

1-06088 

1-26102 

1*44117 

1  -62131 

0*28343 

0-42514 

0*56686 

0-70857 

0^029 

0-99200 

113372 

1  -27543 

1*59698 

2-39547 

3-19396 

3-99244 

4-79093. 

5-58942 

6-38791 

7-18640 

1  -59698 

2-39547 

8-19396 

8^244 

4-79093 

5  58942 

6-38791 

7-18640 

0-97436 

1-46154 

1-94872 

2-43590 

2^2307 

8-41027 

3-89743 

4-38461 

1*46154 

2-19231 

2-92308 

3-65385 

4-38461 

5-11638 

5-84615 

6-57002 

0  22222 

0-33333 

0-44444 

0-55555 

0-66667 

0-77778 

0-88889 

100000 

1-08099 

1-62148 

2-16198 

2-70247 

3-24297 

3-78346 

4  32396 

4-86445 

1-41111 

2  11667 

2-82222 

3-52778 

4-23334 

4  98880 

5-64445 

6*a5000 

1-40000 

2-10000 

2  80000 

3-50000 

4-20000 

4-90000 

5-60000 

6-30000 

1-80000 

2-70000 

3-60000 

4-50000 

5-40000 

6  30000 

7-20000 

8-10000 

1^7273 

190909 

2-54546 

3-18182 

3-81818 

4-45455 

5-00091 

5-72728 

1-85650 

2-78475 

3  71300 

4-64126 

5-56951 

6  49776 

7-42601 

8  35426 

147195 

220792 

2*94390 

3-67987 

4*41584 

5-15182 

5-88779 

6  62877 

1-36684 

2-04950 

2-78267 

8-41584 

4-09901 

4-78218 

5-46534 

6-14a5l 

1-86611 

2-79916 

3-73222 

4-66527 

5*59832 

6-53138 

7-46443 

8-89749 

0-81081 

1-21622 

1  -62162 

2-02703 

2*43243 

2-83784 

3-24324 

3-64865 

0  54545 

0-81818 

1-09091 

1-36364 

1-63636 

1-90909 

2-18182 

2-45454 

0  77586 

1-16379 

1*55172 

1-93966 

2-32759 

2-71552 

3  10345 

3-49138 

#i« 
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Tirtf  Li   I  Mil 

jBinrogfin. 


OiTgeii.. 


VIMUUU 


Fkoto^ofiAiiipiiwie 
^   MnO 

8iiboiii4f  of  Jttflcooi;^ 

Oxia0  o«  BMSOQiy 
O 


lb  0,80. 

JTJVOpiKMpiISM  In  BUIglMm 

*^  *^*^    ^aMvart I'l ^ 1 1 ■  ^  wi  >      I:  .lu-:. 

llh  0+lfii>0« 

HsKJUtUilils  of  itiiinitiinfii^ 

Mii0,80t  L   .    s^MnO 

JfiiB 

fl  iHfMlltii   M^  iiiiiiftMiiinl  ifi   1 1   III 

dhiodiidb  ok  IDHB^DHHMO 

Mas 

JMtOIII^ 

Mttvoiuy 

Hg 

BdlllHiIORdift  Of  flUSKomy 

BgtCn 
puljwiMo  of  nwoulcj 
Hff8 

jnOwnCnM  OK  IDOwW 

Aminoitlo-Mohldride  6f  plathram 

N  H4  CI,  Pt  CI, 

Platinam 

Pt 

Sulphate  of  bazyta 

Ba  O,  S  O, 
Cyanide  of  silver 

AgCN 

Cjanide  of  silver 

AgCN 

Alumina 

A1,0, 

Terozide  of  antimony 

SbO, 

Arsenious  acid 

AsO, 

Arsenic  a<^d 

AsO^ 

Baryta 

BaO 

Teroxide  of  bismuth 

BiO, 

Oxide  of  oadminm 

CdO 

Sesquiozide  of  diromium 

Cr,0, 

Protoxide  of  oobalt 

CoO 


Knoosy 

BTittogon 

N 
Nitrogen 

N 
Kitrio  add 

NO, 

Cyanogen 

C,  N 

Hydrocyanic  add 

HCaN 

Oxygen 

O. 
Oxygen 

O, 
Oxygen 

O, 
Oxygen 

O. 

o 

Oxygen 

O, 
Oxyven 

Oxygen 

O, 
Oxygen 

0 


OWD0D 

0*808117 
07808? 

b-oMh 

014155 
0  46852 
0*10410 
0*20156 
0-46603 
016488 
0-24243 
0-34788 
0-10468 
010845 
0*12500 
0*81881 
0*31888 


TABLS  nr. 


6U 


ItofUinfted). 


9 

8 

4 

6 

6 

7 

8 

• 

1-20061 

1-80091 

2-40121 

8-00151 

8-60182 

4-20212 

4-80242 

5-40273 

0-06700 

100051 

1-88401 

1-66751 

2-00101 

2-88451 

2-66802 

3-00152 

0-72072 

1-08108 

1-44144 

1  -80180 

2-16216 

2-52252 

2-88288 

3-24824 

1-54980 

2  32894 

8  09859 

8-87324 

4-64789 

5-42254 

619718 

6  97188 

1-44105 

2-16157 

2-88210 

8-60262 

4-32314 

5-04367 

5-76419 

6-48472 

1  -89241 

2  08861 

2-78481 

3-48102 

417722 

4-87342 

5-56962 

6-26588 

0-94040 

1-41060 

1-88080 

2-85099 

2-82119 

8-29189 

3-76159 

4-28179 

1-63218 

2-44828 

8-26487* 

4-08046 

4-89655 

5-71264 

6-52874 

7-34488 

1-26437 

1-89655 

2-52874 

816002 

8-79810 

4-42529 

5-05747 

5-68966 

2-08000 

3-12000 

4-16000 

5-20000 

6-24000 

7-28000 

8-32000 

9*86000 

2-16000 

3-24000 

4-32000 

5-40000 

6-48000 

7-56000 

8-64000 

9-72000 

1-69880 

2-54820 

8-39760 

4'-24701 

5-09641 

5-94581 

6-79521 

7-64461 

1  -72414 

2-58621 

8-44828 

4-81034 

517241 

6-03448 

6-89655 

7-75862 

1-57333 

2-36000 

8-14667 

8-93383 

4-72000 

5-50667 

6-29834 

7-08000 

0-12542 

018812 

0-25083 

0-31354 

0-87625 

0-43896 

0-50166 

0-56487 

0-28310 

0-42464 

0*56619 

0-70774 

0-84929 

0-99084 

1-18288 

1-27398 

0-92704 

1-39056 

1-85408 

2-81760 

2-78111 

8-24463 

870815 

4-17167 

0-38820 

0-58230 

0-77640 

0-97050 

1-16460 

1-86870 

1-55280 

1-74690 

0-40312 

0-60468 

0-80624 

1-00780 

1-20986 

1-41092 

1-61248 

1-81404 

0-98204 

1-39806 

1-86408 

2-38010 

2-79611 

8-26213 

8-72815 

4-19417 

0-82877 

0-49815 

0-65754 

0-82192 

0-98630 

1-15069 

1-31507 

1-47946 

0-48484 

0-72726 

0-96968 

1-21^ 

1-45452 

1-69694 

1-98986 

2-18178 

0-69565 

1-04348 

1-39130 

1-78918 

2-08696 

2-48478 

2-78261 

8-13048 

0-20915 

0  •31878 

0-41830 

0-52288 

0-62745 

0-78203 

0-83660 

0-94118 

0130690 

0-81035 

0-^1880 

0-51725 

0-68070 

0-72415 

0-82760 

0-98106 

0-2$000 

0-87500 

0-50000 

0-62500 

0-75000 

0-87500 

1-00000 

1-12500 

1 

062762 

0-94148 

1135524 

1-56905 

1-88286 

2-19667 

2-51048 

2-82489 

0-42667 

0-64000 

0  85888 

1-06667 

1*28000 

1-49888 

1-70666 

1-92000 

616 


TABLB  IT. 


TABLBIY 


Elementa. 

Pound. 

BoQghtk 

1 

Oi^Tgen. 

Oxide  of  copper 

Oxygen 

0-20151 

CuO 

0 

Protoxide  of  iron 

Oxygen 

0-28S23 

FeO 

0 

Sesqoioxide  of  iron 

Oxygen 

0*30000 

Fe,  0, 

0, 

Oxide  of  lead 

Oxygen 

owns 

PbO 

0 

Lime 

Oxygen 

0*28671 

OaO 

0 

Magnesia 

Oxygen 

0  80970 

MgO 

0 

Protoxide  of  manganese 

Oxygen 

01325S5 

MnO 

0 

Protosesquioxide  of  manganese 

Oxygen 

0-27947 

Mn  0  -h  Mna  0, 

0, 

Sesqoioxide  of  manganese 

Oxygen 

0^0880 

Mn,  0, 

0, 

Suboxide  of  merooiy 

Oxygen 

0-03846 

Hg,0 

0 

Oxide  of  meroury 

Oxygen 

0-07407 

HgO 

0 

Protoxide  of  nickel 

Oxygen 

0  21333 

NiO 

0 

Potassa 

Oxygen 

0-16982 

KG 

0 

Silicic  add 

Oxygen 

0-53333 

SiOa 

0, 

Oxide  of  silver 

Oxygen 

0-06898 

Ago 

0 

Soda 

Oxygen 

0  25810 

NaO 

0 

Strontia 

Oxygen 

015459 

SrO 

0 

Binoxide  of  tin 

Oxygen 

0-21333 

SnO, 

0. 

Water 

Oxygen 

0-88889 

HO 

0 

Oxide  of  zinc 

Oxygen 

0  19740 

ZnO 

0 

Phosphorus. . 

Phosphoric  acid 

Phosphorus 

0-43662 

PO. 

P 

PyrophoBphate  of  magnesia 

Phosphoric  acid 

0  63964 

2  Mg  0,  P  0, 

PC, 

Phosphate  of  sesqui  oxide  of  iron 

Phosphoric  acid 

0-47020 

Fe,  0„  P  0. 

PC. 

Phosphate  of  silver 

Phosphoric  acid 

016049 

3  Ag  0,  P  0, 

PC. 

Phosphate  of  sesqnioxide  of  uranium 

Phosphoric  acid 

019910 

2Ur;  Oa,  PO5 

PO. 

Pyrophosphate  of  silver 

Phosphoric  acid 

0-23437 

2  Ag  0,  P  0, 

PO5 

PotassmBi... 

Potassa 

Potassium 

0-83018 

KO 

K 

Sulphate  of  potassa 

Potassa 

0-5408C 

K  0,  S  0, 

KO 

TABLB  IT. 
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(continued). 


8 

s 

0-40302 

0  60458 

0-44444 

0.60067 

OGOOOO 

0-90000 

OI180O 

0  21525 

0.'57143 

0"8.'3714 

0-790:j9 

1  19909 

l'rt»/\  I 


0-4.^)070     0  07G06 
0-55895      0  83843 


0-60759  0-91139 

0-07092  [  0115:59 

01 4815  0  2*22ii2 

0-42  ;'>7  :  0  (>40()0 

i 
I 

0-;i;l9()4  0  5094'] 


1  -0(>:;  J7 


1  m-HiO 


0  1379(J     0-20()94 
0-51021  !  0-77431 


0-30918 

0  42007 

1  -77778 
0-39480 
0-87324 
1-27928 
0-91040 
0-33898 
0-30821 
0  46874 
1-66036 
1-08161 


0-40377 
0-04000 
2-6(»G67 
0-59220 
1  •80986 
1-91892 
1  -41060 
0-50847 
0-69781 
0-70811 
2-49054 
1  -62241 


4 
0-80604 

6 

6 

7 

8 

• 

100766 

1-20007 

1  -41058 

1-61209 

1-81860 

0-88880 

111111 

1-88883 

1-65555 

1-77778 

2-00000 

1-20000 

1-60000 

1-80000 

210000 

2-40000 

2-70000 

0-28700 

0-85874 

0-48049 

0-50224 

0-57399 

0-64574 

1-14286 

1-42857 

1-71429 

2  00000 

2-28571 

2-57148 

1  -59879 

1-99840 

2-80818 

2-79788 

8-19758 

8  59727 

0-90141 

1-12676 

1-85211 

1-57746 

1-80282 

2-02817 

1-11790 

1-89788 

1-67686 

1-95688 

2-23581 

2-51528 

1-21519 

1-51899 

1*82278 

2-12658 

2-43088 

2-78417 

0  15385 

0-19231 

0-28077 

0-26928 

0-80770 

0-84616 

0-29630 

0-37087 

0-44444 

0-51852 

0-59259 

0-66667 

0-a>333 

1-06667 

1-28000 

1-49888 

1  -70667 

1-92000 

0  07928 

0-84910 

1-01892 

1-18874 

1-85856 

1-52838 

2-133:33 

2-66667 

8-20000 

8-78883 

4-26067 

4-80000 

0-27592 

0-84490 

0-41888 

0-48286 

0*55184 

0-62082 

l-0:}242 

1-29052 

1-54863 

1-80678 

2-06484 

2-82294 

0-61836 

0-77295 

0-92758 

1-08212 

1-23671 

1-89180 

0-a5333 

1-06667 

1-28000 

1-49883 

1-70667 

1-92000 

8-55556 

4-44445 

5-88888 

6^2222 

7-11111 

8-00000 

0-78960 

0-98700 

1-18440 

1-88180 

1  -57920 

1-77660 

1-74648 

2-18309 

2-61971 

8-05633 

8-49295 

8-92957 

2-55856 

8-19820 

8-88784 

4-47748 

5-11712 

5-75676 

1-88080 

2-85099 

2-82110 

8-29189 

8-76159 

4-23179 

0-67796 

0-84745 

1-01694 

1-18648 

1-85592 

1-52541 

0-79641 

0-99551 

1-19462 

1-89872 

1-59282 

1-79192 

0-98748 

117185 

1-40622 

1-64059 

1-87496 

2-10933 

8-82072 

4-15090 

4-08108 

6-81126 

6-64144 

7-47162 

2-16321 

270402 

8-24482 

8-7^568 

'4  82648 

4-86728 

tit 
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** 

XABiaif 

Boted. 

• 

1 

JkMMHninb  •  • 

CaartMadPliftliMillum    ' 

aiiiiff 

CmiiiMliln  iif  ttOlMHihiin 

KO 

Mills 

PblMrio4Magrid«  «C  plftltatfA 

PblMMIl^ 

9*mm 

K'Ca,  Pfe  Gl, 

KG 

KGUPtGli 

diMUb  «f  pMilten 

KOI            ' 

#«M7 

8iaoQlL**»«  •  • 

BfUdoMd 

flOiiM 

a^MST 

810, 

at 

BiML...... 

mkoMmcimv^t 

flO^fiv 

HfWMB 

AgCi 

<Md#1$ilMr 

a^MBSft 

B#lHMH«fc«» 

AgCl 
Sodii 

itwm 

NaO 

isr* 

• 

Btthiiiifte  «r  lod* 
N»  0,  B  0, 

SodA 
KftG 

^*4BI08 

• 

• 

OUtoRdMi  oCr 'JfeMuUta 

Bod4 

e«KM 

N*01 

KftG 

Olilotidoof  AiMfiiBii 

flb^M«ri^to 

•«B87 

ITaQI 

.H^ 

CMKttsteQfMdi^ 

Bodtf 

e««7 

ISTaO,  GOt 

VftG 

PvVlil^V^MHPKVAMiA#  9  %i 

ESvIOIuMI 

INMttliltMk- 

owiii 

BrO 

ar 

Sni^^hiMoftftoQlilU 

AKmm^^ 

IMMM 

BrO.BOt 

BrO 

• 

GaHxmatiB  of  itMntia 

Bttoni& 

o^Toien 

Sr  0,  C  0,                  » 

SrO 

Sulphnr. .... 

Sulphate  of  baxyta 

Sulphur 

0*13794 

Ba  0,  S  0, 

S 

• 

TeiBulphide  of  arsenio 

Sulphur 

0-89094 

AsSa 

s. 

Sulphate  of  baryta 

Sulphuric  aoid 

0-84ftS5 

Ba  0,  S  0, 

SO, 

Tin. 

Binoxide  of  tin 

Tin 

0-786«7 

SnOa 

Sn 

Binoxide  of  tin 

Protoxide  of  tin 

0-89838 

SnOj 

SnO 

Zino 

Ojdde  of  rino 

Zinc 

0-80260 

ZnO 

Zn 

Sulphide  of  zinc 

Oxide  of  zinc 

0-88515 

ZnS 

ZnO 

Sulphide  of  lino 

Zinc 

0*67081 

ZnS 

Zn 

TABUB  rr. 


619 


{(oonimusit). 


s 

8 

4 

6 

6 

7 

8 

9 

1-04890 

1-57335 

2  09780 

2-62225 

8-14669 

8-67114 

4-19559 

4*72004 

l-26dl6 

1-89519 

2-52692 

3  15865 

8-79037 

4-42210 

5-05388 

5-68556 

0*38545 

0-57817 

0-77090 

0-96862 

1-15634 

1-84907 

1-54179 

1*78452 

0-01015 

0-91522 

1-22030 

1-52537 

1-83044 

218552 

2-44059 

2-74567 

0-93333 

1-40001 

1-86667 

2-83333 

2-80000 

8-26667 

8-73888 

4i20000 

1-50552 

2-25828 

301104 

8-76380 

4-51656 

5-26982 

6  02208 

6-77484 

1-01708 

2-42562 

3-23416 

4-04270 

4-85124 

5-65978 

6-46832 

7-27686 

1-48370 

2-22560 

2-96758 

8-70948 

4-45187 

5-19327 

5-93516 

6-67706 

0-87816 

1-30975 

1-74033 

2-18291 

2-61949 

8-05607 

8-49265 

8^924 

1-06048 

1-59065 

2-12086 

2-65108 

8-18180 

8-71151 

4-24178 

4-77194 

0-78678 

1-18009 

1-67346 

1-96683 

2-86019 

2-75356 

3-14692 

8-54029 

1-16974 

1-75460 

2-33947 

2-92434 

8-50921 

4-09407 

4-67894 

5-26381 

1-69088 

2-53623 

3-38164 

4-22705 

5-07247 

5-91788 

6-76329 

7-60870 

112807 

1-69210 

2-25613 

2-82017 

8-88420 

8-94823 

4-51226 

5*07630 

1-40339 

2-10508 

2-80678 

3-50848 

4-21017 

4-91186 

5-61356 

6-81526 

0-27468 

0-41202 

0-54936 

0-68670 

0-82403 

0-96187 

1*09871 

1*28606 

0-78049 

1-17073 

1-56097 

1-95122 

2-34146 

2-73170 

3-12194 

8-61219 

0-68670 

1-03004 

1-37339 

1-71674 

2-06009 

2-40344 

2-74678 

8-09013 

1-57333 

2-36000 

314667 

3 -93333 

4-72000 

5-50667 

6-29334 

7-08000 

1-78667 

2-68000 

3-57333 

4-46667 

5-36000 

6-25333 

7  14666 

8-04000 

1-60520 

2-40780 

3-21040 

4-01300 

4-81560 

5-61820 

6-42080 

7-22840 

1-67031 

2-50546 

3-34062 

4-17577 

5  01092 

5-84608 

6-68123 

7-51639 

1-84061 

2-01092 

2-68123 

8-35154 

4-02184 

4-69216 

6-36246 

6-03276 
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TABLE  V, 


8PBCIFI0  ORAVITT  AND  ABSOLUTE  WEIGHT  OF  SEVERAL   GASBS. 


• 

Atmoapherio  air 

Oxygon 

Hydrogen 

Water,  vapor  of 

Carbon,  vapor  of , . . . 

Carbonic  acid. 

Carbonic  oxide. 

Marsh  gas 

Elayl  gas  

Phosphorus,  vapor  of. 
Sulphur,  vapor  of . . . , 
Hydrosulphuric  acid . , 

Iodine,  vapor  of 

Bromine,  vapor  of.. . . 

Chlorine 

Nitrogen 

Ammonia 

Cyanogen 


Specific  intivlty,  atmos- 
pheric air  =  1 -0000. 


1-0000 

1-29366 

1  10832 

1  -43379 

0-06927 

0-08961 ' 

0C2:J43 

0-80651 

0-83124 

1  -07534 

1  -52394 

1-97146 

0-90978 

1-25456 

0-55416 

0-71689 

0-96978 

1-25456 

4-29474 

5-55593 

6  64992 

8-60273 

1-17759 

1  -52340   • 

8-78898 

1 1  -36995 

5-53952 

7  16625 

2-45631 

317763 

0-96978 

1  -25456 

0  58879 

0-76169 

1-80102 

2-32991 

1  litre  (1000  cuWo  oenti- 
metm)  of  gaH  at  0^  uid  O'Tt 
metre  bar.  premare  weigtn 
grammea. 


TABLE  VI. 

COMPARISON'   OP    THE   DEOREES    OF    THE    MERCURIAL    THERMOMETER   WITH 

THOSE    OF   THE   AIR   THERMOMETER. 


According  to  Magnus. 


Dein  2^"  of  the  mercnrial  Dojrrecs  of  the  nir 

thermometer.  themnuiicter. 

100 10000 

150 148-74 

200 ll)7-40 

250 24*)-:^ 

800 294  51 

830 82098 


EDITOE'S   APPEI^nOIX 


COKRECTION  OF  THE  VOLUME  OF  GASES. 

Dr.  Gibbs'  method  of  finding  at  once  ths  toted,  correction  for  tempera- 
lure,  pressure^  and  moisture  in  absolute  determincUions  of  nitrogeuy  or 
oUier  gases  : — * 

"  I  take  a  gi*aduated  tube,  which  I  fill  with  mercury,  then  displace 
about  two-thirds  of  the  mercury  with  air,  and  invert  the  tube  into  a  cis- 
tern of  mercury.  Then  I  make  four  or  five  determinations  of  the  volume 
of  the  included  (moist)  air  in  the  usual  manner,  and  find  the  vohinie 
of  the  air  at  0°  and  760"™"  as  a  mean  of  all  the  deteiTriinations.  Tliis 
tube  I  call  the  companion  tube,  and  it  always  hangs  in  the  little  room 
I  use  for  gas  analyses.  Suppose  the  volume  of  (dry)  air  at  0°  and  7 GO"*'" 
i8l32.35c.c. 

"  Now,  in  making  an  absolute  nitrogen  determination  I  collect  the 
nitrogen  moist  over  mercury  in  a  graduated  tube,  and  then  suspend  the 
measuring  tube  by  the  side  of  the  companion  tube.  I  then  by  a  cord 
and  j)ulley  bring  the  level  of  the  mercury  in  the  two  tubes  to  correspond 
exactly,  and  then  read  off  the  volume  of  air  in  the  companion  tube  and 
the  volume  of  nitrogen  in  the  measuiing  tube.  I  ought  to  have  stated 
that  the  two  tubes  hang  in  the  same  cistern  of  mercury.  Suppose  the 
volume  of  air  in  the  companion  tube  to  be  143  c.c. ;  then  the  total  cor- 
rection for  temperature,  pressure  and  moisture  will  be  143 — 132*35  = 
10*65  c.c.  The  correction  for  the  nitrogen  will  then  be  found  by  Rule 
of  Three.  As  the  observed  volume  of  air  in  the  companion  tube  is  to 
the  observed  volume  of  nitrogen,  so  is  (in  this  case)  10 '65  to  the  i*e- 
quired  correction.  In  this  way,  when  the  volume  of  air  in  the  com- 
panion tube  is  once  found,  no  furtlier  observations  of  temperature,  pres- 
sure,  or  height  of  mercwiy  above  the  mercury  in  the  cistern  are  necessary. 
The  companion  tube  lasts  for  an  indefinite  time.  I  have  even  used  it 
filled  with  water,  without  any  appi^eciable  change  in  some  weeks,  but  I 
prefer  mercury.  As  the  two  tubes  hang  side  by  side,  there  is  never  an 
appreciable  difference  of  tempei*ature.  My  results  are  most  satisfactory. 
Williamson  &  Russell  have,  as  you  know,  used  a  companion  tube 
for  equ-ating  pressures,  but  not  for  finding  the  total  value  of  the  tem- 
perature and  pressure  correction  at  once ;  and  I  believe  that  my  process 
is  wholly  new.  Certainly  it  is  wonderfully  convenient,  and  saves  all 
tables  and  labor  of  computation." 

ASSAY  OF  CHROMIC   IRON. 

Mix  the  pulverized  ore  in  a  platinum  vessel  with  three  parts  of  pul- 
verized and  pure  cryolite ;  upon  the  top  of  the  mixture  place  twelve 

*  Private  oommunication. 
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parts  of  bisulpbate  of  potassa,  or  of  soda ;  heat,  cautiously  at  first,  to 
fusion,  for  fifteen  minutes ;  digest  the  cold  fused  mass  with  a  little 
strong  hydrochloric  acid,  for  ten  minutes — (so  far  Gibbs  and  Clarke, 
Am,  Jour.  Sci,,  2d  ser.,  xlv.,  178)  ;  add  a  few  drops  of  alcohol  to 
reduce  any  chromic  acid  ;  dilute  with  water,  and  add  cautiously  chloride 
of  barium  until  all  sulphuiic  acid  is  precipitated.  Filter :  concentrate 
the  filtrate  to  a  small  bulk  in  a  porcelain  capsule ;  add  (accoi*ding  to 
Stoker  and  Pearson,  Am.  Jour,  /Sci,  2d  ser.,  xlviii.,  pp.  198-200) 
nitric  acid  and  crystals  of  chlorate  of  potash,  and  maintain  the  heat 
(covering  the  capsule  with  an  inverted  funnel)  until  the  chromium  is  all 
oxidized  to  chromic  acid  ;  add,  if  needful,  more  chloride  of  barium,  to 
convert  the  chromic  acid  into  chromate  of  barium ;  evaporate  off  the 
great  exceas  of  acid  ;  dilute.  Allow  the  precipitate  to  subside  ;  decant 
the  clear  liquid  into  a  filter  ;  wash  the  precipitate  by  decautation 
with  solution  of  acetate  of  ammonia,  finally  transfemng  it  to  the  filter ; 
dry ;  ignite  gently  apart  from  the  filter,  and  weigh  the  chromate  of 
baryta. 

.  Note. — The  above  scheme,  asyetmitried  by  the  Editor,  is  simply  proposed 
as  an  attempt  to  combine  the  best  points  in  the  two  valuable  communicationa 
referred  to.  with  a  view  to  make  a  rapid  method  for  estynating  chromium  in  its 
ore.  The  observation  of  Storer  and  Pearson  in  the  paper  above  cited  (p.  200, 
paragraph  v.),  promises  a  still  better  method,  which  deserves  elaboration. 

SEPARATION   OF   PHOSPHORIC  ACID    FROM  LIME,   ALUMINA^  AND    OXIDE  OF 

LIME. 

In  absence  of  stUphuric  acid,  Brassier  {Ann,'^  Chim.  Phys,  [4]  vii, 
355)  dissolves  the  phosphates  in  hydrochloric  acid,  adds  ammonia  in 
excess,  and  re-dissolves  the  precipitated  phosphates  by  additions  of  citric 
acid,  keeping  the  liquid  ammoniacal.  From  the  sohition  thus  obtained, 
the  phosphoric  acid  is  thrown  down  by  chloride  of  magnesium,  as  pure 
ammonio-magnesian  pliospluitc.  Since  the  hitter  is  sensibly  soluble  in 
citrate  of  ammonia,  the  citric  acid  solution  should  be  added,  drop  by 
drop,  avoiding  an  excess.  The  chloride  of  magnesium  should  be  fi*ee 
from  sulphuric  acid,  otherwise  sulphate  of  lime  would  also  be  precipi- 
tated. It  is  to  be  expected  that  the  results  will  fall  out  too  low  in 
presence  of  much  iron  or  alumina  (see  p.  276,  a),  but  the  method  is  very 
convenient  for  the  analysis  of  bone-black  and  many  native  phosphates. 


ALPHABETICAL  INDEX. 


'fv 


PAOI 

Acetic  Acid  (reagent),  see  Qital.  AnaL 

table  of  specific  gravity ; 401 

Addimetrj 487 

Air,  analysis  of  atmospheric 558 

Alcohol  (reagent),  see  Qucd.  Anal, 

AJkalimetry 408 

iUumina 118 

basic  acetate. 113 

formiate 118 

estimation 174 

hydrate 112 

separation  from  alkalies 850 

alkaline  earths 350 

sesquioxide  of  ohromiVun 854 

Ammonia  (reagent),  see  Qjml.  AnaL 

arsenio-molybdate 130 

carbonate  (reagent),  see  Qual.  Anal. ,  and 88,  00 

estimation  156 

molybdate  (reagent),  see  Qual.  AnaL 

nitrate  (reagent) 01 

oxalate  (reagent),  see  Qiud.  Anal. 

phospho-molybdate 148 

separation  from  other  alkalies 841 

succinate  (reagent) 8 

table  of  specific  gravity  of  solutions 408 

Ammonium,  chloride 105 

(reagent),  see  Qual  Anal^  and 87,  01 

sulphide  (reagent),  see  Qual.  Anal. 

Analysis,  gravimetric 1 

quantitative 1 — 5,  40 

volumetric. 2,  80 

Antimony 186 

antimoniate  of  teroxide  (antimonious  acid) 136 

estimation 841 

separation  from  bases  of  groups  I.  —  V 387 

other  metals  of  group  VI 807 

sulphides 135 

teroxide,  separation  from  antimonic  acid. 402 

Anvil 84 

Aqua  regia  (reagent),  see  Qwtl.  Anal. 

Anenic,  estimation 240 

separation  from  bases  of  groups  I. — V. 388 

other  metals  of  group  VI 807 

tersulphide 138 

Arsenious  acid  (reagent)   05 

and  arsenic  acids,  separation  from  each  other 300 

other  acids  of  gn^up  I. . . .  402 — 408 

Azotometer 159 
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Balance 0 — 14 

Barioxn  chloride  (reagent) , 88 

silicofluoride , 107 

Baryta  (reagent) 86 

aoetate  (reagent) 88 

carbonate 107 

(reagent),  see  Qual.  Anal.^  and 89 

estimation 164 

hydrate  (reagent) 90 

separation  from  idkidies 344 

other  alkaline  earths 346 

sulphate 106 

Baths ,  air- 38 

paraffin- 40 

water- 87,  49 

Bismuth  basic  nitrate 132 

carbonate 133 

chromate 133 

estimation 233 

separation  from  base  of  groups  I. — lY 375 

other  bases  of  group  V 379 

teroxide 131 

tersulphide 133 

Bone  black,  analysis 550 

dust,  analysis 547 

Boraoio  acid,  estimation 379 

separation  from  bases 281 

other  acids  of  group  1 403—408 

Bromine,  estimation  of  H  Br 309 

free 311 

separation  from  acids  of  group  1 409 

chlorine  and  iodine 413 — 417 

metals 811 

Bunsen  burner 49 

Bunsen's  pump 70,  79 

Burettes 27—32 

Cadmium  carbonate 133 

estimation / 235 

oxide 133 

separation  from  bases  of  groups  I. — IV 375 

other  bases  of  group  V 379 

sulphide 133 

Calcium  chloride  (reagent),  see  Qual.  A7i(il ,  and 89,  100 

fluoride 145 

Calculation  of  analyses 458 

tables  for 603 

Carbonic  acid  estimation 285 

separation  from  bases 287 

other  acids  of  group  L 402—408 

Chloric  acid  estimation 335 

separation  from  other  acids 418 

Chlorimetry 504 

Chlorine  (reagent),  see  Qual  Afwl.^  and 91 

estimation  of  H  CI 304 

of  free 307 

separation  from  acids  of  group  1 438 

bromine  and  iodine 414—416 

metals 306 

Chromic  acid  estimation 257 

separation  from  bases 261 

other  acids  of  group  1 402—408 

iron,  analysis 365 — 631 
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CbTominm,  sesqiiioxide 114 

estimatiou I  T'i 

separation  from  alkalieA. ....    'I'tO 

alkaline  earths '^'A 

alumina •i'»4 

hydrated 114 

Clip 2S 

Cobalt 120 

estimation IsO 

hydrated  protoxide 1 1 !» 

protoxide V2i) 

separation  from  alkalies 8.'>5 

alkaline  earths lVi(\ 

bases  of  group  III .*<*>0 

other  bases  of  group  IV H^tO 

seaqnioxide ; 120 

and  potassa,  nitrite 121 

sulphate 120 

sulphide 1 20 

Oorapression-cock 28 

Gone,  platinum 70 

Ckjpper. 121) 

(reagent) 09 

estimation 225 

in  ores 525 

oxide 129 

(reagent) 1H> 

separation  from  bases  of  groups  I.  — IV 1575 

other  bases  of  group  V 879 

suboxide VM 

subsulphide 1  'U 

subsulphocyanide l-»l 

sulphide ^ i::0 

Crucibles,  platinum .' Oi) 

Cnicil)le  tongs ^»5 

Cupellation 5S0 

Cyanogen  estimation I]  HJ 

separation  from  acids  of  group  1 4'H) 

chlorine,  bromine,  and  iotline 449 

metals 817 

Cylinder,  graduated '28 

Decant  ATioN *. 55 

and  filtration. (iO 

Decinormal  solutions 77 

Desiccators 80 

Dett'imination  of  bodies 1 48 

Dolomite  analysis 518 

Drying 84-40 

of  filters / (52 

of  precipitates 01 

-tube,  Liebig's ^S 

* 

Er.KMRNTS  considered  in  this  work. 5 

Elutriation 8.8 

Equivalents,  table  of (KKJ 

of  organic  bodies,  determination 452 

Erdmann's  float 80 

Estimation  of  bodies. 149 

Ether  (reagent) 8;^ 

Evaporation •••.•••••••• 40 — 58 

Exercises 5ft4 

Experiments 5ti  1 
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Ferrtcyanogen  estimation 819 

separation  of  H.,  Cfdy  from  HCl 417 

Ferrocyanogen  estuiiation Jjl9 

sepjuation  of  Hj  Cfy  from  H  CI 417 

Filter-ash  estimation ()3 

paper 56 

patterns 5B 

stands 57 

Filtration 55—59 

Bunsen^s  rapid  method 66,  79 

Fluorine  estimation 284 

separation  from  acids  of  group  1 402 — 408 

metals 284 

FormulaB  empirical 468 

rational 471 

Funnels 56  • 

Gold 184 

assay 

estimation 237 

separation  from  bases  of  groups  I.  — V 387 

other  metals  of  group  VI 307 

tersulphide 134 

Ooano,  analysis 545 

Gunpowder,  analysis 514 

residues,  analysis • 411 

Hydriodtc  acid,  see  Iodine. 
Hydrobromic  acid,  see  Bromine. 

Hydrochloric  acid  (reagent) ••.•.••....       84 

table  of  sp.  gr.  of  solution. 489 

see  Chlorine. 
Hydrocyanic  acid,  see  Cyanogen. 
Hydrofluoric  acid  (reagent) 85 

eee  Fluorine. 
Hydrofluosilicic  acid  (reaj^cnt),  see  Qual.  Anal 

estimation 269 

Hydrogen  gaa  (reagent) 91 

Hydrosulphuric  acid  (reap^eiiti,  see  Qual.  Anal. 

see  Sulphur. 

Hydrosulphurous  acid,  estimation 263 

Ignition  of  precipitates 02 — 06 

Bunsen's  new  method 77 

residues  on  evapomtion 63 

Iodic  acid  estimation 203 

Iodine  (reaj^ent) 94 

estimation  of  HI 311 

free 313 

separation  from  acids  of  group  1 401) 

chlorine  and  bromine 414 — 416 

metals 313 

Iron,  analysis  of  cast  and  wrought / 536 

separation  from  alkalies 355 

alkaline  earths 357 

bases  of  group  III 859 

other  bases  of  group  IV 359 

Iron,  sesquichloride  (reagent),  see  Qual.  Anal. 

sesquioxide • •   •••  121 

arseniate •• 139 

basic  acetate 12^3 

basic  formiate 123 

basic  i)h(>snhato 140 
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Iron,  eesqaioxide  estimation • •  109 

hydrate 121 

succinate 123 

and  ammonio-sulphate  (reagent) 93 

ores,  analysis 624 

protoxide,  estimation 193 

and  ammonia,  sulphate  (reagent) 93 

separation  from  sesquioxide 868 

sulphate  (reagent),  see  QiuU.  Anal. 

sulphide 123 

Lead,  acetate  (reagent),  see  Quat  Anal 

arseniate 137 

carbonate , 125 

chromate  140 

(reagent) 97 

estimation 216 

oxalate 126 

oxide  126 

(reagent) 87 

phosphate 140 

separation  from  bases  of  groups  I. — IV 875 

other  bases  of  group  V 879 

sulphate 126 

sulphide 127 

Levigation 33 

Lime  (reagent) S6 

carbonate 109 

chloride,  valuation 504 

estimation  1(58 

oxalate 109 

separation  from  alkalies  344 

other  alkaline  earths 346 

-stone,  analysis 518 

sulphate 108 

superphosphate,  analysis 548 

Llthia,  estimation 1()1 

separation  from  other  alkalies 342 

Litmus,  tinctiire ^ 93 

Loss  and  excess,  &c 466 

Hagnesia.  : 113 

and  ammonia,  arseniate 138 

phosphate Ill 

basic  phosphate 140 

estimation 171 

-mixture 89 

pyrophosphate Ill 

separation  from  alkalies 344 

other  alkaline  earths 347 

sulphate Ill 

(reagent),  see  Qual  AnaL 

Bianganefie,  ammonio-phosphate \ 118 

binoxide 117 

valuation  of  commercial 508 

carbonate 116 

estimation 183 

hydrated  protoxide 117 

pyrophosphate 118 

protosesquioxide 117 

separation  from  alkalies 856 

alkaline  earths 857 

bases  of  group  III 859 
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Manganese,  separation  from  other  bases  of  group  IV. 3oD 

sulphide  117 

Manures,  analysis 543 

Marls,  analysis 318 

Measuring  of  liquids 22  — o2 

of  gases 19-22 

flasks 22 

tubes  for  g^ases IP 

Meniscus,  error  of ^ . . .       21 

Mercury 127 

chloride  (reagent),  see  Qual.  Anal. 

oxide 129 

estimation 222 

separation  from  suboxide 379 

separation  from  bases  of  groups  I. — IV 3V5 

other  bases  of  group  V. 379 

Bubchloride 128 

suboxide,  estimation 220 

sulphide 1 28 

Moisture 34 

Molybdic  acid,  estimation 255 

Mortar,  agate -. 33 

steel 32 

Nickel,  estimation 187 

protoxide 119 

hydrate 118 

separation  ^om  alkalies 355 

alkaline  earths 356 

bases  of  group  III 359 

other  bases  of  group  IV 359 

seaquioxide 119 

sulphide,  hydrated 119 

Nitric  acid  (reagent) 84 

estimation 328 

separation  from  V)ascs 328 

othor  acids 418 

t:il)le  of  specific  {gravity  of  solution 490 

Nitrogen  gas 1 06 

Dr.  Gn)l>s'  method  of  measuring 021 

Nitrous  acid,  estimation 203 

Normal  solutions 80 

Our.A^'K;  Analysts,  see  Table  of  Contents xiii 

bodies,  determination  of  equivalent  of 402 

Oxalic  acid  (reagent^ 02 

estimation 2-^2 

separation  from  bases 28i3 

other  acids  of  group  1 402 — 408 

Oxygen  gas  (reagent) 97 

Palladium,  estimation 236 

])rctiodide 147 

s<Mlio-protochloride  (reagent),  see  Qual.  Anal. 

Phosphoric  acid,  estimation 209 

separation  from  bases  275 — 622 

other  acids  of  group  1 402 — 408 

Pinchcock 28 

Pipette 125 

Platinum 1 34 

ammonio-birhloride     105 

l)i(lil()ride  (reagent),  see  Qual.  Anal. 

bisulphide 134 
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Platinum  estimation   iJ^tt) 

l»otA(wio- bichloride I'^l 

boparatiou  from  bases  of  groui»8  I.  —V "is? 

other  metals  of  group  VI '*U7 

ROdio-bichloride IH> 

Potash  (reagent) 8«>,  !»D 

antl  soda,  carbonates  (reagent),  ace  Q»tfil  AnaL 

bichromate  (reagent)  see  QtiuL  A/mi  and \00 

bisulphate H  )*3 

(reagent) '.>♦) 

-bulbs,  Liebig's 42-"i 

estimation • lol 

nitrate  (reagent),  see  Quai.  Annl. 
nitrite  (reagent),  see  Quoi  AmiL 

permanganate  (reagent) • J^ 

separation  from  other  alkalies iVW) 

sulphate    103 

(reagent),  see  Qtuil  Anal 

table  of  si)ecific  gravity  of  solution 407 

Potassium,  borottuoride 114 

chloride 103 

cyanide  (reagent),  see  QuaL  Anal 

iodide   (reagent) 05 

Powdering ;J3 

Precipitation 53 

Salt,  analysis  of  common 514 

Sample,  selection  of Ill 

Selenic  acid,  separation  from  sulphuric  acid,  see  Note 4()3 

Sclenious  acid,  estimation 2<»l 

Separation  of  bodies ;».'87 

Fe,Oa,AljO„  Mn  O,  Ca  O,  Mg  O,  K  O,  and  Na  0 370 

Sifting :« 

Silica 14.1 

estimation 200 

hydrated 145 

separation  from  other  acids  of  group  I 402-408 

bases 200 

Silicates,  analysis  of  native .*. 516 

Silver 124 

(reagent) 00 

bromide 140 

chloride 124 

cyanide 1 25 

estimation 205 

in  galena 528 

iodide 147 

nitrate  (reagent\  see  Qual,  Anal. 

phosphate,  tribasic 143 

separation  from  bases  of  g^^ups  I. — IV 875 

other  bases  of  group  V 879 

sulphide 125 

Soda  (reagent) 86 

acetate  (reagent),  see  Qual.  Anal 

biborato  (reagent) 90 

bisulphate 104 

bisulphite  (reagent),  see  Qual.  Anal 

carbonate 104 

(reagent) 88,  00 

estimation 154 

hyposulphite  (reagent) 88 

-lime  (reagent) 99 

nitrate  (reagent)  see  Qual  AnaL 
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Soda  phosphate  (reagent),  see  Qiial.  AnaL 

separation  from  other  alkalies 889 

Balphate 104 

table  of  specific  gravity  of  solution 497 

Bodium,  chloride 104 

(reagent) 95 

sulphide  (reagent),  see  QuaL  Anal. 

Solution 46 

Standard  solutions 80 

Steel,  analysis 536 

Strontia,  carbonate 108 

estimation 166 

separation  from  alkalies 344 

other  alkaline  earths 346 

sulphate 108 

Strontium,  chloride  (reagent) 89 

Sulphur,   estimation   of   H   S 321 

separation  of  H  S  from  acids  of  group  I ^109-411 

hydrochloric  acid 418 

from  metals 323 

Sulphuric  acid  (reagent),  see  Qwil.  Anal. 

estimation 264 

separation  from  bases 268 

other  acids  of  group  1 402-408 

table  of  specific  gravity  of  solutions 488 

Sulphurous  acid,  estimation 262 

Superphosphate,  analysis 548 

Synopsis  of  the  work 6 

Tartaric  acid  (reagent),  see  Qual.  AnaL 

Tin,  binoxide 186 

phosphate 142 

separation  from  protoxide 397 

estimation 245 

hydrated  bisulphide 137 

protosulphide 137 

protochloride  (roagont),  see  Qvdl.  Anal. 

separation  from  bases  of  pfioups  I.  — V 387 

other  metals  of  group  VI 397 

Titanic  acid,  estimation 173 

Triangle,  platinum 64 

Uh AisiUM,  estimation 205 

separation  from  bases  of  groups  I. — IV 373 

sesquioxide,  acetate  (reagent) 89 

phosphate 142 

Vapor-dexsity,  determination 453 

WASiriNQ-BOTTLES 56 

of  precipitates 50 

Watcb  -glasses,  clasp  for 37 

AVater,  analysis  of  fresh 483 

distilled 8^3 

estimation  of 42 — 46 

Weighing 15 — 18 

off  of  substance ',  41 

of  residues  on  evaporation 52 
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Zinc  (reMjjrrnt^ 86 

basic  carbonate 114 
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Zinc  entimatioiL 170 

ores.  oftSA y 5^34 

oxide 115 

separation  from  alkalies 35<1 

alkaline  earths S-"*? 

bases  of  group  III 359 

other  bases  of  group  IV 859 

mlphide 115 


